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EXPLORATORY TEST DRILLING 
AND PRELIMINARY WATER RESOURCE EVALUATION 

PLAINE GE L'ARBRE-HAITI 

Harza  E n g i n e e r i n g  Company ( H a r z a )  was r e t a i n e d  by  t h e  

H a r m o n i s a t i o n  d e  l ' b c t i o n  d e s  Communuates H a i t i e n n e s  O r g a n i s e e s  

(HACHO) to  c o n d u c t  a s t u d y  t o  c o n s t r u c t  e x p l o r a t o r y  test wells 

and  make a p r e l i m i n a r y  a s s e s s m e n t  of t h e  ground w a t e r  r e s o u r c e s  

o f  t h e  P l a i n e  de 1 ' A r b r e  ( P l a i n e )  i n  Haiti. The s t u d y  area is 

l o c a t e d  o n  t h e  s o u t h e r n  s l o p e s  o f  H a i t i ' s  n o r t h w e s t e r n  p e n i n s u l a  

and  h a s  a n  a r e a  o f  a p p r o x i m a t e l y  200 s q u a r e  k i l o m e t e r s  

( E x h i b i t  1). The s t u d y  was c o n d u c t e d  be tween Sep tember  1979 and 

J u l y  1980 a n d  i n v o l v e d  r e v i e w  o f  p r e v i o u s  r e p o r t s  a n d  o n - s i t e  

r e c o n n a i s s a n c e  a n d  e x p l o r a t o r y  t es t  d r i l l i n g .  

Dur ing  t h e  same p e r i o d ,  Harza  a l so  c o n d u c t e d  e x p l o r a t o r y  

t e s t  d r i l l i n g  i n  t h e  P l a i n  u n d e r  a s e p a r a t e  ag reement  w i t h  t h e  

U n i t e d  States Agency f o r  I n t e r n a i o n a l  Development,  H a i t i  M i s s i o n  

(AID/Hai t i ) .  

T h i s  r e p o r t  d e s c r i b e s  t h e  work a c t i v i t i e s  t h a t  were c a r r i e d  

o u t  u n d e r  b o t h  p rograms  and p r e s e n t s  s t u d y  f i n d i n g s .  
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Objectives 

The principal objective of the study was to identify 
-- - 

favorable well-drilling locations and to develop as many 

production wells as practicable within the limitations of the 
- 

ground water resource and available funding. Specifically, the 

I study was intended to: a) identify localities where there is 

potential for ground-water development by wells; b) substantiate 

the availability, quantity, and quality of supplies at specific 

locations by drilling and testing of exploratory wells; and 

C) develop the resource, whenever possible, by construction of 

. .  production wells. 

The long-term study objectives were to: a), provide a 

preliminary assessment of the quantity and quality of available 

ground-water resources in the Plain, and b) use study findings as 

a basis for subsequent investigations that may be required for a 

more complete evaluation of the available resource. Because of 

budget limitations, the long-term objectives were considered of 

secondary importance to the study. 

The study was conducted in two phases. Phase I involved 

preliminary investigations that were directed at identification 

of test areas and formulation of a test drilling program. Phase 

I1 involved actual installation and testing of exploratory wells. 



The r e s u l t s  o f  test  d r i l l i n g  were c o n t i n u a l l y  used t o  upda te  t h e  

data  base and r e v i s e  d r i l l i n g  p r i o r i t i e s .  L i a i s o n  was ma in t a ined  

w i t h  HACHO and AID/Haiti  th roughout  t h e  s tudy .  

P re l imina ry  I n v e s t i g a t i o n s  

The p r e l i m i n a r y  i n v e s t i g a t i o n s  i nc luded  a )  l i t e r a t u r e  

rev iew;  b )  i n v e n t o r y  o f  w a t e r  s u p p l y  s o u r c e s ;  c )  a  fo rmu la t i on  o f  

t e s t  . d r i l l i n g  program; and d )  p r e p a r a t i o n  of  t e c h n i c a l  

s p e c i f i c a t i o n s  f o r  well d r i l l i n g ,  i n s t a l l a t i o n ,  and t e s t i n g .  

L i t e r a t u r e  Review 

P r e v i o u s  r e p c r t s  ,on t h e  l o c a l  and r e g i o n a l  geo logy  and 

hydrogeology o f  t h e  s t u d y  a r e a  were reviewed. These r e p o r t s  had 

been collected d u r i n g  Harza ' s  i n i t i a l  work f o r  A I D  (Harza ,  1979) .  

Re l evan t  s e c t i o n s  were reviewed i n  t h e  fo l l owing  r e p o r t s :  

Woodring e t  a 1  (1924) ;  FA0 (1969) ;  and Mar t i n  and Moussu (1977) .  

The FA0 r e p o r t  (FAO, 1969)  was o f  s i g n i f i c a n t  r e l e v a n c e  t o  

t h e  p r e s e n t  s t u d y  a s  it inc luded  t h e , f i n d i n g s  of  an  e x p l o r a t o r y  

t e s t  d r i l l i n g  program and o t h e r  f i e l d  work t h a t  had been c a r r i e d  

out by them i n  t h e  s t u d y  area o v e r  a f ive-year  

p e r i o d  (1962-1967). The g e o l o g i c  map and sections inc luded  i n  

1/ Refe rences  are l i s t e d  a t  end o f  t e x t .  - 
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t h e  FA0 r e p o r t  were used e x t e n s i v e l y  th roughout  t h e  p r e s e n t  

I n v e n t o r y  of  Water Supply Sources  - 

S u r f a c e  s p r i n g s  are t h e  s o u r c e  of water s u p p l y  fo r  t h e  g r e a t  

m a j o r i t y  of t h e  i n h a b i t a n t s  i n  t h e  s t u d y  area a t  p r e s e n t .  

~ i f t e e n ' ( l 5 )  s p r i n g s  have been i d e n t i f i e d .  The s p r i n g s  i s s u e  

from bedrock o u t c r o p s  and are g e n e r a l l y  l o c a t e d  a t  o r  n e a r  

t h e  base  of  t h e  mountainous t e r r a i n  which forms t h e  i n l a n d  

boundary of t h e  P l a i n .  The l o c a t i o n s  o f  a l l  s p r i n g s  a r e  shown on 

t h e  l o c a t i o n  map i n  E x h i b i t  1, and t h e i r  c h a r a c t e r i s t i c s  

i n c l u d i n g  w a t e r  q u a l i t y  d a t a  a r e  summarized i n  E x h i b i t  2. 

A much less s i g n i f i c a n t  s o u r c e  o f  water i n  t h e  s t u d y  a r e  a t  

p r e s e n t  is a small number o f  l a r g e  d i a m e t e r  s h a l l o w  ( g e n e r a l l y  

l e s s  t h a n  50 fee t  deep)  hand dug w e l l s  t h a t  p r o v i d e  water s u p p l y  

l o c a l l y .  About h a l f  a dozen such  wells were v i s i t e d  i n  t h e  

c o u r s e  o f  t h i s  s tudy .  A l l  o f  t h e s e  wells are l o c a t e d  w i t h i n  

a b o u t  one  k i l o n i e t e r  from t h e  c o a s t ,  where t h e  water table  is 

n e a r e s t  to  t h e  l a n d  s u r f a c e ,  and t h e  water i n  t h e s e  wells is 

b r a c k i s h  ( a b o u t  2000 p a r t s  p e r  m i l l i o n  t o t a l  d i s s o l v e d  s o l i d s ) .  

A windn i l l -ope ra t ed  pump is used i n  one such  w e l l  n e a r  Anse 

Rouge; i n  t h e  remainder  o f  t h e  wells a bucke t  and rope  are used 

f o r  l i f t i n g  t h e  water. 

! i th  
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D r i l l i n s  Proqram Formulation 

Formulation of the t e s t  d r i l l ing  program was intended t o  

identify and. rank t e s t  areas and dr i l l ing s i t e s  based on 

available information. To achieve t h i s  objective, the following 

work ac t iv i t i e s  were carried out. 

1. Lithologic logs and geologic maps and sections - 
available from the FA0 report were used t o  identify 

potential shallow and deep aquifers. 

2. Topographic maps and streamflow data were used to  - 
identify "disappearing" streams, considered to  be 

indicative of shallow ground-water aquifers. 

3.  Earth Resources Technology Sa te l l i t e  (ERTS) imagery of - 
the study area, including black and white and infrared, 

were obtained and used to  delineate: a )  drainage 

patterns; b )  unconsolidated deposits and bedrock 

outcrop areas; and c )  lineaments and sur f ic ia l  features 

of bedrock joints,  faul ts ,  fractures , displacements, 

etc. 

4. . Limited f ie ld  reconnaissance was made t o  verify - 
available geologic information, and to  observe rock 

outcrops and surf ace geologic features. 

July 1980 



Based on these a c t i v i t i e s ,  a tentat ive d r i l l i n g  program was 

prepared. Dril l ing s i t e s  were identified fo r  shallow wells, t o  

be completed in the unconsolidated deposits o r  upper 50-100 f e e t  

of underlying bedrock formations, and deep wells,  t o  be completed 

in  deeper bedrock u n i t s .  Tentative s i t e s  f o r  shallow wells were 

selected i n  four t e s t . a r e a s  a s  described below. 

The a l l uv i a l  area of the Colombier River was selected 

fo r  t e s t  d r i l l i n g  on the assumption tha t  the 

unconsolidated material there.would be thick and well 

sorted. Also, the FA0 s tudy  indicated the occurrence 

of some ground water supplies i n  t h i s  area. 

The  upper par t  of the plain area near the adjoining 

h i l l s  and mountains was selected as  a t e s t  area on the 

assumption t h a t  the unconsolidated material there 

should be coarser than elsewhere i n  the Plain. Also 

any water obtained from wells located i n  t h i s  area can 

flow by gravity t o  the remainder of the Plain 

downslope. 

Some t e s t  well locations were selected a t  the end of 

"disappearinga streams i n  the f l a t  areas of t h e  Plain. 

One t e s t  well location was selected near the coast i n  

an attempt t o  meet water supply needs f o r  the coastal  

town of Coridon. 

-,- 
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T e n t a t i v e  s i tes  f o r  d e e p  w e l l s  were s e l e c t e d  c o n s i d e r i n g  t h e  

f o l l o w i n g  two criteria: 

1. The e s t i m a t e d  d e p t h  t o  t h e  p o s t u l a t e d  bedrock a q u i f e r s  - 
was t h e  c o n t r o l l i n g  c r i t e r i o n  used i n  s e l e c t i n g  t k c  

deep  well sites n e a r  t h e  mountains and a t  Xoca t ions  

where t h e  bedrock a q u i f e r s  weLe b e l i e v e d  t o  be  n e a r e s t  

t o  t h e  l a n d  s u r f a c e .  

2. Another  c r i t e r i o n  used for s e l e c t i n g  t e n t a t i v e  s i t e s  - 
f o r  deep  t e s t  wells was t h e i r  p rox imi ty  to s p r i n g s  and 

f a u l t e d ,  f r a c t u r e d ,  and j o i n t e d  bedrock o u t c r o p  a r e a s .  

The i n i t i a l  r ank ing  of t e s t  a r e a s  and d r i l l i n g  s i t e s  was 

de te rmined  c o n s i d e r i n g  t h e  f o l l o w i n g  cr i ter ia :  

1. Sha l low wells were g i v e n  h i g h e r  p r i o r i t y  t h a n  deep  - 
wells. 

2. S i t e s  l o c a t e d  Gear p o p u l a t i o n  c o n c e n t r a t i o n s  were g i v e q  - 
high ,e r  p r i o r i t y  t h a n  t h o s e  t h a t  are f a r  away. 

3. S i tes  located i n  areas w i t h  ' h ighe r  p o s s i b i l i t y  to 
3- 

d e v e l o p  ground water, based on i n f o r m a t i o n  a l r e a d y  

a v a i l a b l e ,  were g i v e n  h igh  p r i o r i t y .  

4. T r a v e l  time f o r  m o b i l i z a t i o n  and d e m o b i l i z a t i o n  was to - 
be minimized. 



Technical Specifications 

Technical specifications for drilling, construction, 

development, and testing of wells were prepared. A copy of these 

specifications is attached in Appendix A. 

Drillinq Proqram 

Drilling and well construction work was carried out in two 

time intervals: 30 September through 21 November, 1979 and 14 

April through 10 June 1980. This work was conducted by Haiti 

Water Supply, S.A. , of Port Au Prince. 

All drilling was done by direct rotary using a truck-mounted 

CF-15 drilling rig manufactured by George E. Failing Company of 

Enid, Oklahoma. A manufacturer's brochure describing this rig 

capability is included in Appendix B. Well development was 

conducted by air surging and backwashing using a portable air 

compressor and surging assembly. Pumping was conducted by air, 

or by using a submersible or vertical turbine pump, depending on 

well depth and depth to the water table. 

The drilling program involved drilling, logging, and sample 

etudy; conversion of test holes into test wells by installation 

of casing and screen; and development and testing of wells. The 

work also included deepening, cleaning, and development of an 

abandoned old well that had previously been installed in the 

8-1254 24 July 1980 



c o u r s e  o f  t h e  FA0 s t u d y .  T h i s  well is l o c a t e d  i n  t h e  Colombier 

B a s i n  abou t  3  k i l o m e t e r s  n o r t h e a s t  o f  H-1. 

T e s t  Hole D r i l l i n q  -- 
A to ta l  o f  1 4  t e s t  h o l e s  (H-1  th rough  H - 1 4 )  and total  

f o o t a g e  of  4472 f e e t  were d r i l l e d .  T h i s  i nc luded  1 2  u sha l low"  
0 

h o l e s  (H-1  through H-12;  2892 f e e t )  and 2  "deep" h o l e s  (H-13 and 

H - 1 4 ;  1580 f e e t ) 2 / .  - The l o c a t i o n s  of  a l l  h o l e s  a r e  shown on 

E x h i b i t  1 and t h e i r  c h a r a c t e r i s t i c s  a r e  summarized i n  E x h i b i t  3. 
- 

A l l  o f  t h e  " sha l lowu  test  h o l e s  were d r i l l e d  w i t h  a 12-inch 

d i a m e t e r  b i t .  The "deep" h o l e s  were d r i l l e d  w i t h  a 12-inch b i t  

t o  400 o r  420 f o o t  dep th ;  a 5 1/2-inch nominal  d i a m e t e r  b i t  was 

used i n  d r i l l i n g  t h e  lower s e c t i o n s  of t h e  "deepn h o l e s .  

I n  a l l  o f  t h e  t e s t  h o l e s ,  l i t h o l o g i c  samples  were c o l l e c t e d  

from f i v e - f o o t  i n t e r v a l s  and desc r ibed .  I n  some of  t h e  h o l e s ,  
I electric r e s i s t i v i t y  and spontaneous  p o t e n t i a l  l o g s  were r u n  

e 

u s i n g  a manual l ogge r .  A l l  t h e  l o g s  p repa red  d u r i n g  t h i s  s t u d y  

are i n c l u d e d  i n  Appendix C. 

T e s t  Well Convers ions  -- 
A t o t a l  o f  8 tes t  h o l e s  were conve r t ed  i n t o  t e s t  wells. 

T h i s  i n c l u d e s  6 a sha l lown  h o l e s  ( H - 1 ;  H-2; H-3; H-10; H - 1 1  and 

2/ The t e s t  h o l e s  d r i l l e d  under t h e  HACHO c o n t r a c t  a r e  - 
d e s i g n a t e d  a sha l loww and t h o s e  d r i l l e d  under  t h e  A I D  
c o n t r a c t  a r e  d e s i g n a t e d  "deep* 



H-12) and two "deepH h o l e s  ( H - 1 3  and  H - 1 4 ) .  A t e s t  h o l e  was 

c o n v e r t e d  i n t o  a t e s t  w e l l '  by i n s t a l l i n g  c a s i n g  and  s c r e e n .  In 

t h e  m a j o r i t y  of t h e  wells, t h i s  was done  u s i n g  a 6-inch d i a m e t e r  

b l a c k - s t e e l  c a s l n g  a n d  hand s l o t t e d  p i p e .  A 4-inch PVC c a s i n g  

a n d  s c r e e n  were used  i n  T e s t  Well H-10 a n d  i n  t h e  l o w e r  s e c t i o n  

of Well H-12. A l l  of t h e  wells were grave l -packed  u s i n g  l o c a l l y  

s i e v e d  m a t e r i a l s .  D e t a i l e d  well c o m p l e t i o n  reports a r e  i n c l u d e d  

i n  Appendix E. 

A l l  of t h e  . t e s t  h o l e s  n o t  c o n v e r t e d  i n t o  wells were 

b a c k f i l l e d  a n d  abandoned. 

Development - a n d  T e s t i n g  

A l l  of wells were d e v e l o p e d  and  t e s t e d .  The deve lopment  and 

t e s t i n g  o p e r a t i o n s  were u s u a l l y  c o n d u c t e d  s e v e r a l  d a y s  a f t e r  a 

well was comple ted .  Wate r  s a m p l e s  were'collected and  l i m i t e d  

c h e m i c a l  a n a l y s e s  of t h e  s a m p l e s  were made l o c a l l y .  The r e s u l t s  

of well t e s t i n g  and c h e m i c a l  a n a l y s i s  of w a t e r  as  p r o v i d e d  by t h e  

d r i l l i n g  c o n t r a c t o r  a r e  i n c l u d e d  i n  Appendix E. 

A well was capped when o p e r a t i o n s  o n  t h e  well were  h a l t e d  

a n d  when t e s t i n g  o f  t h e  well was completed. N o  permanent  pumps 

were i n s t a l l e d .  

The r e s u l t s  of t h e  tes t  d r i l l i n g  program are summarized i n  

E x h i b i t  4. Based  on t h e  r e s u l t s  o f  t h e  test d r i l l i n g  conduc ted  

8-1254 24 J u l y  1980 -10- 



in this study , it appears that small to moderate water supplies 
are available in two zones in the'study area. These include the 

unconsolidated alluvial deposits of the Colombier River Basin 

(Wells H-1 and H-11) and thin beds of consolidated bedrock 

formations, mainly limestone, which are interbedded with a 

predominantly claystone formation of several hundred feet 

thickness (Wells H-12 and H-14). 

When completed, Wells H-12 and H-14 flowed at ground 

surface, indicating artesian conditions. Both Wells are 

completed at over 400-foot depth. The overlying claystone 

interval apparantly acts as a confining bed. It is possible that 

the water producing zones below a 400-foot depth cover a large 

area, but this can only be confirmed by test drilling. A study 

of the geologic sections indicates that larger'supplies may 

possibly be obtained by installing wells that are deeper than 

those completed. These prospects should be the subject of 

further investigation. 

Wells H-3 and H-10, both located west of che Colombier 

Basin, obtain their supplies from shallow and possibly weathered 

bedrock formations but the water supply in both wells is small 

and may be only seasonal. Well H-2 contains bad quality- water, 

clearly because of its nearness to the coast. H-13 did not 

produce sufficient water to justify a test. 

8-1254 24 July 1980 
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Ground Water Resource Assessment 

~ y d x o g e o l o g i c  S e t t i n e  

Topography. The L'Arbre P l a i n e  encompasses a roughly  

r e c t a n g u l a r  area e x t e n d i n g  abou t  20 k i l o m e t e r s  (km) a long  t h e  

coast o f  t h e  Golfe D e  L a  Gonaves i n  t h e  area of  Anse Rouge and 

a b o u t  10  km i n l a n d .  The P l a i n  is a l a r g e l y  e r o s i o n a l  s u r f a c e  o f  

g e n t l e  t o  moderate  relief r i s i n g  from t h e  coast, n o r t h  t o  t h e  

base'of rugged mountains.  The mountains are d i v i d e d  i n t o  two 

r a n g e s  by a v a l l e y  which cuts a c r o s s  t h e  n o r t h e r n  p e n i n s u l a  t o  

t h e  n o r t h  coast. The P l a i n e  is occupied  i n  t h e  e a s t  by t h e  

v a l l e y  o f  t h e  Colombier R i v e r  and i n  t h e  west by t h e  Anse Rouge 

R i v e r ,  bo th  i n t e r m i t t e n t  s t reams .  The P l a i n e  a r e a  is d i s s e c t e d  

by i n t e r m i t t e n t  streams and g u l l y s  and becomes i n c r e a s i n g l y  more 

rugged n e a r  t h e  b a s e  of t h e  mountains. Low coastal r i d g e s  o c c u r  

i n  t h e  Anse Rouge a r e a  and  t o  t h e  west and a lso  l o c a l l y  t o  t h e  

east . 
Geology. The P l a i n  is u n d e r l a i n  by a t h i c k  sequence  o f  

c l a y s t o n e s  and  s a n d y / s i l t y  ' c l a y s t o n e s  a s s i g n e d  to  t h e  

Oligocene/Miocene ( u n d i f f e r e n t i a t e d ) .  The s ed imen t s  are g r a y  

when f r e s h ,  compact, modera te ly  i n d u r a t e d  and l o c a l l y  c o n t a i n  

t h i n  marl i n t e r b e d s .  The u n i t  was encounte red  i n  a l l  o f  t h e  t e s t  

h o l e s .  L i t h o l o g i c  sample  s t u d y  i n d i c a t e s  t h a t  t h e  c l a y s t o n e  may 

be s l i g h t l y  coarser 

mountains. Data are 
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t h i c k n e s s  o f  t h e  c l a y s t o n e s ,  b u t  t h e y  are l i k e l y  t o  ex t end  f o r  

s e v e r a l  thousand f e e t  i n  most o f  t h e  area. 

The c o a s t a l  r i d g e s  i n  t h e  Anse Rouge a r e a  c o n s i s t  o f  

P l i o c e n e / P l e i s t o c e n e  coral r e e f  l i m e s t o n e s  r e p o r t e d  t o  o v e r l i e  

t h e  o l d e r  c l a y s  t cnes .  These u n i t s  are s t r a t i g r a p h i c a l l y  

u n d e r l a i n  by a n  o l d e r  sequence  o f  p r i m a r i l y  marine  s ed imen ta ry  

r o c k s  w i th  i n t e rbedded  v o l c a n i c  r o c k s ,  which o u t c r o p  i n  t h e  

mountains and h i l l s  t o  t h e  n o r t h  and e a s t .  The s ed imen ta ry  r o c k s  

c o n s i s t  o f  c a l c a r e o u s  l i t h o l o g i e s  r ang ing  from marl t o  massive  

c h e r t y  l imes tone .  The v o l c a n i c  rocks  i n c l u d e  a n d e s i t e  and 

b a s a l t .  T h i s  s t r a t i g r a p h i c  sequence is assumed t o  

Oligocene/Miocene c l a y s t o n e s  a t  unknown d e p t h s  under 

Unconsol idated Q u a t e r n a r y  d e p o s i t s  o f  p o t e n t i a l  

u n d e r l i e  t h e  

t h e  P l a i n .  

r e l e v a n c e  t o  

t h i s  s t u d y  are r e s t r i c t e d  t o  a l l u v i a l  s a n d s ,  g r a v e l s ,  c o b b l e s  and 

b o u l d e r s  i n  t h e  v a l l e y  o f  t h e  Colombier R i v e r ,  and l o c a l l y  

e lsewhere .  I n  t h e  Colombier Bas in  t h e  a l l u v i u m  was encoun te red  

i n  wells t o  d e p t h s  i n  e x c e s s  o f  100 f e e t  and was u n d e r l a i n  by t h e  

01 igocene/Miocene c l a y s  tones .  

S t r u c t u r e  i n  t h e  p r o j e c t  axea  is c h a r a c t e r i z e d  by complex 

f o l d i n g  and,  l o c a l l y ,  f a u l t i n g  i n  t h e  mountains t o  t h e  n o r t h  and 

e a s t  and by n e a r l y  f l a t  l y i n g  c l a y s t a n e s  and ,  presumably,  

unde r ly ing  u n i t s  i n  t h e  p l a i n  a r e a  i t s e l f .  Fold  a x e s  and f a u l t s  

g e n e r a l l y  s t r i k e  abou t  east-west , sou theas t -no r thwes t  and l o c a l l y  

p a r t i c u l a r l y  a l o n g  t h e  b a s e  o f  t h e  n o r t h e r n  mountains.  
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Ground Water Occurrence and -- Flow. The r e s u l t s  o f  test  

d r i l l i n g  i n  t h e  s t u d y  area i n d i c a t e  t h a t  gr0un.d water o c c u r s  i n  

s u f f i c i e n t  q u a n t i t i e s  to  be tapped by wells i n  two a q u i f e r s .  

These  i n c l u d e  t h e  s and  and g r a v e l  o f  t h e  unconso l ida t ed  a l l u v i a l  

d e p o s i t s  of  t h e  Colombier R ive r  and o l d e r  c a l c a r e o u s  bedrock 

format ions .  Sha l low coastal a q u i f e r s  w i t h  b r a c k i s h  to  s a l i n e  

water and o t h e r s  w i t h  s h a l l o w  and s e a s o n a l  ground water may be 

found l o c a l l y  b u t  have no s i g n i f i c a n c e  as dependable  w a t e r  

sou rces .  

The a l l u v i a l  sand  and g r a v e l  d e p 0 s i t s . h  t h e  Colombier Bas in  

are s a t u r a t e d  t o  a d e p t h  o f  approximately  60 f e e t .  Water i n  t h i s  

a q u i f e r  is under  unconf ined c o n d i t i o n s  and h y d r a u l i c  Q r a d i e n t s  

and ground water flow is toward t h e  ocean  southward.  Data are 

n o t  s u f f i c i e n t  t o  c o n s t r u c t  p o t e n t i o m e t r i c  c o n t o u r  l i n e s  or  

de1 inea t . e  s u b s u r f a c e  flow. 

The o t h e r  w a t e r  b e a r i n g  zone t h a t  was i d e n t i f i e d  based on 

t h e  results o f  t h e  t e s t  d r i l l i n g  program is a zone o f  t h i n  

l i m e s t o n e  beds a t .  o v e r  a 400-foot depth .  These beds  u n d e r l i e  t h e  

Oligocene/Miocene c l a y s t o n e  and a r e  p o s s i b l y  i n t e rbedded  w i t h  

s i l t s t o n e ,  marl, and o t h e r  c l a y s t o n e  beds. The c l a y s t o n e  acts  a s  

a c o n f i n i n g  bed and t h i s  a q u i f e r  is e s s e n t i a l l y  c o n f i n e d  w i t h  a n  

upward v e r t i c a l  g r a d i e n t .  There  are no d a t a  t o  p r e p a r e  

p i e z o m e t r i c  c o n t o u r s  f o r  t h i s  zone but it  can  be  assumed t h a t  t h e  

l a t e r a l  g r a d i e n t  and f low is toward t h e  ocean. 

8-1254 24 J u l y  1980 



A s t u d y  of t h e  geo log ic  s e c t i o n s  provided by t h e  FA0 s t u d y  

i n d i c a t e s  t h a t  t h e r e  a r e  deep l imes tone  u n i t s  t h a t  may be capable  

of producing water.  These u n i t s ,  wi th  e s t ima ted  depth of 

2000 f e e t  o r  more, were n o t  i n v e s t i g a t e d  i n  t h e  p r e s e n t  s tudy.  

Water i n  t h e s e  u n i t s  is l i k e l y  t o  be confined and may f low or  can 

p o s s i b l y  be pumped economically. Th i s  p rospec t  can be 

i n v e s t i g a t e d  bu t  would r e q u i r e  d r i l l i n g  equipment t h a t  is no t  

a v a i l a b l e  i n  H a i t i  a t  p resen t .  

Resource Assessment 

Springs.  Water from s p r i n g s  has  been es t ima ted  a t  between 

1500 g a l l o n s  p e r  minute (gpm) t o  2700 gpm -(FAO, 1969) and s p r i n g  

wa te r  is b a s i c a l l y  of good q u a l i t y  and can be used f o r  i r r i g a t i o n  

and wi th  l i m i t e d  t r ea tmen t ,  human consumption. A p o r t i o n  of t h e  

wa te r  supply from s p r i n g s  is used a t  p resen t .  The unused 

c a p a c i t y  e s t i m a t e d  a t  roughly 50 pe rcen t  of  t h e  a v a i l a b l e  supp ly ,  

can  be e x p l o i t e d  by capping of  those  s p r i n g s  not  p r e s e n t l y  i n  use 

and by more e f f i c i e n t  use of  t h e  water.  S i n c e  t h e  wa te r  supply 

from Spr ings  is  g e n e r a l l y  s e a s o n a l ,  a pre l iminary  s t u d y  involv ing  

gauging of s p r i n g s  t o  determine monthly or weekly s p r i n g  

d i scha rge  may have t o  be conducted be fo re  an  a c c u r a t e  assessment 

o f  s p r i n g  c a p a c i t y  can be made. Th i s  is e s p e c i a l l y  needed p r i o r  

t o  development of  s p r i n g s  of  marginal capac i ty .  

A l l u v i a l  Aquifers .  The unconsol idated a l l u v i a l  d e p o s i t s  of  

t h e  Colombier River   asi in are considered important  sources  of 

water t h a t  can be developed by wells. Based on t h e  results of 
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t e s t  d r i l l i n g  i n  t h e  s tudy '  area,  i n d i v i d u a l  wells of 250 gpm 

c a p a c i t y  may be completed i n  t h e s e  depo ' s i t s .  The water is o f  

modera te  q u a l i t y  and can be used f o r  i r r i g a t i o n  as well a s  human 

consumption. Near t h e  c o a s t ,  .however, t h e  water may be  too 

s a l i n e  fo r  most uses.  

It is n o t  p o s s i b l e  t o  a s s e s s  t h e  long-term c a p a b i l i t y  o f  t h e  

a l l u v i a l  a q u i f e r  of t h e  Colombier R i v e r  B a s i n  f o r  Lack o f  d a t a  t o  

estimate annua l  r e c h a r g e ,  s u b s u r f a c e  flow, or s e a s o n a l  water 

l e v e l  f l u c t u a t i o n s .  A p r e l i m i n a r y  estimate o f  water i n  s t o r a g e  

h a s  been made c o n s i d e r i n g  a 10-square k i l o m e t e r  o u t c r o p  area and 

assuming a s a t u r a t e d  a q u i f e r  t h i c k n e s s  o f  40 f e e t  and s p e c i f i c  

y i e l d  of  20 pe rcen t .  The w a t e r  i n  s t o r a g e  was t h u s  e s t i m a t e d  a t  

6.4 x 10  0 g a l l o n s .  Recharge t o  t h i s  a q u i f e r  is from local 

p r e c i p i t a t i o n  and s u r f a c e  runof f  o f  t h e  Colombier R i v e r  d r a i n a g e  

area. 

Bedrock Uni t s .  I n fo rma t ion  was o b t a i n e d  i n  t h e  p r e s e n t  

s t u d y  on t h e  upper  bedrock u n i t s .  Th ree  tes t  h o l e s  p e n e t r a t e d  

t h e  Oligocene/Miocene c l a y s t o n e ,  and two o f  t h e s e  i n d i c a t e d  t h e  

o c c u r r e n c e  o f  wate r -bear ing  bedrock u n i t s  o f  l i m i t e d  c a p a c i t y  

w i t h i n  700 f o o t  depth .  Well H-14 can  be c o n s i d e r e d  

r e p r e s e n t a t i v e  o f  wells d e r i v i n g  t h e i r  s u p p l y  from t h e  upper  

bedrock i n t e r v a l .  T h i s  well f lowed a t  t h e  s u r f a c e  upon 

comple t i on  i n d i c a t i n g  con f ined  c o n d i t i o n s .  Shor t - t e rm pumping o f  

t h i s  well i n d i c a t e d  t h a t  a s p e c i f i c  c a p a c i t y  o f  0.65 gpm/ft c a n  

be o b t a i n e d  from t h e  upper bedrock a q u i f e r s .  The water is o f  - 
I 8-1254 24 July 1980 -16- 



moderate  q u a l i t y  and can  'be used f o r  i r r i g a t i o n .  Cons ide r ing  

t h a t  t h e  a v a i l a b l e  drawdown is a t  l eas t  400 f e e t ,  it may be 

p o s s i b l e  t o  o b t a i n  as much as 250 gpm from wells completed i n  

t h i s  zone. La rge r  s u p p l i e s  'might  be p o s s i b l e  from deepe r  wells. 

. . 
Regiona l  deep  bedrock u n i t s  cou ld  n o t  be  e v a l u a t e d  from d a t a  

o b t a i n e d  i n . t h e  p r e s e n t  s t udy .  N e i t h e r  t h e  c a p a b i l i t y  o r  water 

q u a l i t y  can  be d e l i n e a t e d  from a v a i l a b l e  i n fo rma t ion .  I t  is 

l i k e l y  t h a t  l a r g e  s u p p l i e s  cou ld  be o b t a i n e d  from t h e s e  u n i t s ,  

based on t h e  g e o l o g i c  s e t t i n g  and o c c u r r e n c e  o f  s p r i n g s .  T h i s  

can  o n l y  be determined th rough  extensive deep  w e l l  d r i l l i n g  and 

t e s t i n g .  

Conc lus ions  and Recommendations - -- - 

C o n c h s  ion_s_ 

Based on d a t a  and in fo rma t ion  g e n e r a t e d  by t h e  p r e s e n t  

s t u d y ,  t h e  f o l l owing  c o n c l u s i o n s  c a n  be made. 

1. A d d i t i o n a l  ground-water  e x p l o r a t i o n  and development i n  - 
t h e  L'iirbre P l a i n e  appea r s  t o  be  j u s t i f i e d  by t h e  

r e s u l t s  o f  t h i s  s t udy .  F u r t h e r  work shou ld  be  aimed a t  

i n v e s t i g a t i n g  t h e  i n l a n d  edges  of t h e  P l a i n e  and a t  

f u r t h e r  s t u d y  and development of  t h e  Colombier R i v e r  

a r e a .  I t  does  n o t  appear  t h a t  more sha l low  w e l l  

d r i l l i n g  work i n  t h e  c e n t r a l  a r e a s  forming t h e  bu lk  o f  

t h e  P l a i n e  a r e a  would be  p roduc t ive .  

8-1254 24 J u l y  1980 



2. The a l l u v i a l  d e p o s i t s  o f  t h e  Colombier R i v e r  Bas in  - 
c o n s t i t u t e  a n  unccaf ined  a q u i f e r  t h a t  c an  be tapped by 

wells o f  less t h a n  1 5 0 , f p o t  dep th .  Up to  250 gpm can 

p o s s i b l y  be o b t a i n e d  from i n d i v i d u a l  wells. Well 

s p e c i f i c  c a p a c i t y  is i n  t h e  o r d e r  of 6 gpm/foot o f  

drawdown and water is g e n e r a l l y  o f  a c c e p t a b l e  q u a l i t y .  

T h i s  a q u i f e r ' s  long-term p o t e n t i a l  c a n n o t  be de te rmined  

from a v a i l a b l e  d a t a .  &hal low a l l u v i a l  a q u i f e r s  i n  

o t h e r  p a r t s  o f  t h e  area may c o n t a i n  minor  q u a n t i t i e s  o f  

water, possibly s e a s o n a l ,  which may be s u i t a b l e  f o r  

local u s e  only.  

3 The a l l u v i a l  d e p o s i t s  and o t h e r  u n c o n s o l i d a t e d  s u r f a c e  - 
materials i n  t h e  s t u d y  area are u n d e r l a i n  by a n  

e x t e n s i v e  c l a y s t o n e  fo rma t ion  of low p e r m e a b i l i t y  t h a t  

is s e v e r a l  hundred f e e t  t h i c k .  The c l a y s t o n e  g e n e r a l l y  

h a s  no p o t e n t i a l  as  a s o u r c e  o f  ground water. 

4  L imi ted  i r r i g a t i o n  w a t e r  suk>plies a r e  a v a i l a b l e  from - 
t h i n  s ands tone ,  s i l t s t o n e ,  and l imes tone /mar l  beds  t h a t  

e i t h e r  u n d e r l i e  or are in t e rbedded  w i t h  t h e  c l a y s t o n e  

below a 400 f o o t  dep th .  Water i n  t h e s e  f o r m a t i o n s  is 

under  con f ined  c o n d i t i o n s  and wells completed i n  t h e s e  

beds  may have a s p e c i f i c  c a p a c i t y  o f  0.65 gpm/ft. The 

l o n g  term y i e l d  o r  w a t e r  q u a l i t y  o f  t h i s  zone canno t  be 

e v a l u a t e d  a t  p r e s e n t  because  of  l a c k  o f  d a t a  on 

r e c h a r g e  and s u b s u r f a c e  flow. 
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5. I t  is l i k e l y  t h a t  i m p o r t a n t  bedrock a q u i f e r s  can  be - 
found a t  g r e a t  dep ths .  Older marine s ed imen ta ry  rock  

u n i t s  have.  t h e  p o t e n t i a l ,  y e t  unproven, o f  s u p p l y i n g  

s i g n i f i c a n t  q u a n t i t i e s  of ground water. A v a i l a b l e  d a t a  

0.n t h e  d e p t h  to t h e s e  p o t e n t i a l  a q u i f e r s  are v e r y  

s p a r s e  b u t  i n d i c a t e  t h a t  . t h e  u n i t s  ' a r e  g e n e r a l l y  a t  

s u b s t a n t i a l  d e p t h s  (2000-3000 fee t )  u n d e r  most o f  t h e  

s t u d y  a r e a  and c o u l d  be r eached  o n l y  a t  c o n s i d e r a b l e  

c o s t  u s i n g  equipment p r e s e n t l y  n o t  a v a i l a b l e  i n  H a i t i .  

Cons ide r ing  t h e  g e o l o g i c  s k t t i n g  o f  t h e  s t u d y  area, 

w a t e r  i n  t h e  deep  bedrock u n i t s  should  be c o n f i n e d  and 

may or may n o t  be  o f  u s e a b l e  q u a l i t y .  

6. The older mar ine  s ed imen ta ry  rocks  o c c u r  a t  t h e  s u r f a c e  - 
i n  t h e  n o r t h e r n  and e a s t e r n  mountains where t h e y  s u p p l y  

ground w a t e r  t o  s u r f a c e  s p r i n g s .  These  f o r m a t i o n s  

are i n f e r r e d  t o  o c c u r  a t  unknown, b u t  r e l a t i v e l y  

s h a l l o w  d e p t h s  i n  some o f  t h e  areas l o c a t e d  a t  t h e  b a s e  
.. .. 

of t h e  mountains.  When i d e n t i f i e d ,  t h e s e  a r e a s  a p p e a r  

t o  have p o t e n t i a l  f o r  high  c a p a c i t y  wells. V e h i c u l a r  

access is n o t  c u r r e n t l y  a v a i l a b l e  t o  some s i t e s  which 

seem to have v e r y  good p o s s i b i l i t i e s .  

Recommendat i o n s  

1. Four of  t h e  e i g h t  test  wells i n s t a l l e d  shou ld  be -.. 

conve r t ed  i n t o  permanent p roduc t ion  wells by 

i n s t a l l a t i o n  o f  pumps. These  i nc lude  H - 1  , H - 1 1  , H-12, 
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and H-14. The remaining wells (N-2, H-3, H-10, and H- 

1 3 )  do  n o t  have s u f f i c i e n t  supply of good q u a l i t y  water 

t o  j u s t i f y  permanent pump i n s t a l l a t i o n .  The water 

l e v e l  i n  t h e s e  wells is too deep f o r  hand pumps. 

Suggested pump i n s t a l l a t i o n s  and product ion rates f o r  

i n d i v i d u a l  wells are g iven  i n  Exh ib i t  5. The v e r t i c a l  

t u r b i n e  pump i n d i c a t e d  was s e l e c t e d  based on expected 

w e l l  c a p a c i t y  and pumping l e v e l  and cons ider ing  pump 

dependab i l i ty  and r e l a t i v e  ease of o p e r a t i o n  and 

maintenance. 

2. Cons idera t ion  should be g iven  t o  t h e  e x p l o i t a t i o n  of - 
t h e  unused c a p a c i t y  of s u r f a c e  sp r ings .  P o s s i b i l i t i e s  

inc lude  capping of uncapped s p r i n g s ,  c o n s t r u c t i o n  of  

s t o r a g e  f a c i l i t i e s  where needed, and improving t h e  

d i scha rge  from s p r i n g s  p o s s i b l y  by d r i l l i n g  horizonl-,a'l 

wells or a d i t s  us ing  l a b o r  i n t e n s i v e  e w a t r ~ k  iw 

techniques.  

3. The e x i s t i n g  water-supply system i n  t h e  LIArbre P l a i n  - 
appears  t o  be amenable t o  improvement, which could 

provide a d d i t i o n a l  water  from sources  a l r e a d y  

a v a i l a b l e .  I n  p a r t i c u l a r ,  the primary water system t o  

Anse Rouge from Source T e t e  Beouf, a n a t u r a l  s p r i n g ,  

can be upgraded f o r  g r e a t e r  r e l i a b i l i t y  and less waste. 

The 4 inch PVC conveyence p i p e l i n e r  is f r e q u e n t l y  broken 

and should be upgraded by heav ie r  p ipe  and/or deeper 
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bur ia l  o r  other protection. Continuous flow taps i n  

remote areas should be replaced by concrete capped 

c i s te rns  controlled by f l oa t  valves and hand pumps t o  

reduce waste. T h i s  would also provide a cer ta in  amount 

of storage capacity t o  the system during t ines  when the 

l i n e  is broken o r  otherwise down. 

4. An exploratory deep w e l l  tes t ing program is recommended - 
so  as  t o  verify the occurrence and evaluate the 

potent ia l  yield of deep bedrock units. Further 

. d r i l l i n g  contracts should include provisions for  

c r ea t i ng '  vehicular access where needed, since t h i s  

present program was severely hampered by not being able 

t o  reach potent ial ly  favorable s i t e s .  

5. The water level  and quali ty should be periodically - 
monitored i n  a l l  of the wells t o  ensure sa t i s fac tory  

water qual i ty  and t o  evaluate subsurface flow and 

seasonal water level  fluctuations. T h i s  information 

would be useful f o r  determining the annual recharge and 

long term yield of aquifers. 

6 - Ins ta l l a t ion  of new production wells should be 

preceded by on-site t e s t  dr i l l ing  and sample study. 

The information obtained should be used t o  both confirm 

the amount and qual i ty  of available supply and t o  

prepare production well design. 

$ A  s 8-1254 24 Ju ly  1980 
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E x h i b i t  4 

Results of Well Testinq - 1/ 

Test Test Test Specific Water 
Well . Discharge Duration Capacity Quality - 2/ 
Number Rate (gpm) ' (hours) ( q ~ m / f  t ) 

6 y good 

1.1 brackish/saline 

- braclcis h 

- - - .  

6 7.5 good 

2 10 good 

4 0.65 brackish 

1/ Figures based on dr i l l ing contractor reports - -. .. 
2/ Good: can be used for humn conau~fiption. arackish: can be - 

used for  i rr igat ion.  Brackish/Saline: too sa l ty  for  most 
uses. 

3/ Estimated by dr i l l ing contractor but not confirmed by - 
adequate testing. 

4J Not available 

5/ Insufficient water t o  justify testing. - 
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Exhib i t  5 

Suqgested Pump I n s t a l l a t i o n s  .l/ - 

Well 
No. 

Pump Power Rated Tota l  
Type Source Capacity L i f t  - 0 7 ( f t )  

Vertical Diesel, 200 150 
Turbine gaso l ine  

or  
kerosene 
powered 
engine 

In take  
Depth 
[ft) 

110 

1/ A s u f f i c i e n t  s u p p i y  of good q u a l i t y  water does not exis t  t o  - 
j u s t i f y  permanent l a r g e  pump i n s t a l l a t i o n s  i n  Wells H-2, H- 
3,  H-10, or  H-13. 
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TECHNICAL SPECIFICATIONS 

' 1-01.00 Definitions 

Wherever the following terms appear in  these specifications,  
they s h a l l  be interpreted as follows: 

Owner - Haitian American Community Help Organiz2tion (HACHO) 

Contractor - Hait i  Water-Supply, S.A. 

Engineer - Harza Engineering Company. 

1-02.00 Purpose 

The Contractor sha l l  d r i l l  wells to obtain information about 
the depth, thickness, water qual i ty  and water yielding potential  

.'of the formations encountered. These exploratory wells may be 
converted t o  permanent production wells a t  the option of the 
Engineer or the Owner. 

1-03 -00 Scope 

These specif icat ions cover t h e  construction of two types of 
wells; nsha l low~ wells to  be d r i l l ed  i n  unconsolidated deposits 
and the upper 100 f ee t  of bedrock, and "deepn wells to  be 
finished i n  the bedrock. Since information concerning the 
charac te r i s t i c s  of the subsurface deposits is extremely limited, 

8 i t  is not possible to  determine well construction de ta i l s  
precisely.  The specif icat ions given here should be considered as  

I type wells which can be modified i n  the f i e l d  a t  the option of 
t h e  Engineer. Specifications for  d r i l l i ng  , sampling , casing, 
screening, developing and test ing the wells a re  included, and 

' options are  provided for plugging and abandonment of the wells. 
The Contractor s h a l l  furnish a l l  supervision, - 
t ransportat ion,  tools ,  supplies, equipment 
necessary for  the sa t i s fac tory  construct ion 
wells hereinafter described. 

labor, materials, 
and appurtenances 

and completion of 



Location 

The project  i s  located on 
southern slope of Ha i t i ' s  northwest 

The exact s i t e s  w i l l  be staked 

the Plaine de L'Arbre, on the 
peninsula. 

i n  the f i e ld  by the Engineer. 
The sequence of d r i l l i n g  sha l l  be a s  directed by the ~ng ineer .  

1-05.00 General Requirements 

The Contractor sha l l  perform the work prescribed and provide 
and pay for materials,  equipment, labor, transportation,  
construction equipment and machinery, tools ,  appliances, fue l ,  
power, l i g h t ,  heat, telephone, water and sani tary f a c i l i t i e s  and 
a l l  other f a c i l i t i e s  and incidentals necessary for the execution, 
tes t ing ,  i n i t i a l  operation and completion of the work. A l l  
materials furnished under the Contract sha l l  be new and a l l  
equipment sha l l  be i n  good working order. I f  required by the 
Owner, the Contractor sha l l  furnish sa t i s fac tory  evidence as  to  
t h e  k i n d  and qual i ty  of materials and equipment. A l l  work 
performed by the Contractor s h a l l  conform to  the specifications 
described herein, and he m u s t  obtain approval i n  writing from the 
Engineer's representative i n  Haiti  for  any proposed modifications 
t o  or deviations from these specifications.  

1-05.01 The contractor sha l l  keep the s i t e  of the work and 
adjacent premises as  f ree  from material,  debris and rubbish as  is 
practicable and sha l l  remove from the s i t e ,  i f  i n  the opinion of 
t h e  Engineer, such material ,  debris or rubbish interferes  w i t h  
t h e  work or const i tutes  a nuisance to  the public. The Contractor 
fur ther  agrees t6"remove a l l  machinery, materials, implements, 
barricades, stagings, f a l s e  work, debris and rubbish connected 

' w i t h  or caused by said work immediately upon the completion of 
t h e  same and to  clean a l l  s t ruc tures  and work constructed under 
t h i s  contract to  the sa t i s fac t ion  of the Engineer and Owner; 
regrade a l l  areas which have been rutted or disturbed so tha t  the 
areas w i l l  drain without pockets; and to leave the premises upon 
completion of the contract ,  i n  a t  l e a s t  a s  good condition as  when 
he entered upon them. The use of inadequate or unsafe 
procedures, methods, s t ruc tures  or equipment w i l l  not be 
permitted, and the  Owner or Engineer may disapprove and re jec t  
any of same which seem t o  him t o  be unsafe for the work 
hereunder, or for other work being carried on i n  the v ic in i ty ,  or 
for  work tha t  has been completed or for the public or for any 
workmen, engineers and inspectors employed thereon. 



1-05.02 The Contractor sha l l  give a l l  notices and comply w i t h  
a l l  laws, ordinances, rules and regulations applicable t o  the 
work. I f  the Contractor observes tha t  the specifications or 
drawings are  a t  variance, he sha l l  inform the Engineer by prompt 
wri t ten notice thereof, and any nacessary changes w i l l  be a s  
prescribed by the Engineer. 

1-05.03 The actual  d r i l l i n g  sha l l  be performed under the d i r ec t  
supervision of experienced well d r i l l e r s  sa t i s fac tory  to  the 
Engineer. Only conpetent workmen sha l l  be employed on the 
project  and a t  l e a s t  a two-man crew w i l l  be on the job for  each 
well-dr i l l ing r ig  continuously during d r i l l i n g  operations. 

1-05.04 The Owner and h i s  representatives and the Engineer and 
h i s  representatives sha l l  a t  a l l  times have access to the work 
for any inspection, or tes t ing  thereof by others. 

1-05.05 The Contractor sha l l  not assign the subcontract, the 
work, or any part  thereof,  without previous written approval by 
the Engineer. 

1-05.06 A t  the option of the Engineer, additional work not 
specif ied herein may be authorized. Additional work sha l l  be a t  
pr ices  not exceeding those for comparable work and materials 
l i s t e d  in  the Schedule of Payments (Appendix 11). 

1-05.07 The Owner w i l l  secure r ights  of access and egress to  
, the t e s t - s i t e .  

1-06.00 - Well Dril l inq Procedures. 

Wells sha l l  be d r i l l e d  by standard rotary d r i l l i ng  methods, 
or by other methods approved by the Engineer. 

,. 1-06.01 Should a d r i l l  hole tend t o  cave, slough or swell,. the 
Contractor sha l l  s t a b i l i z e  the hole to  the sa t i s fac t ion  of.  the 
Engineer. 



1-06.02 During d r i l l i n g  of  each  w e l l ,  rock c u t t i n g s  s h a l l  be 
c o l l e c t e d  and i d e n t i f i e d  a t  5-foot i n t e r v a l s ,  and a t  any 
pronounced change o f  fo rmat ion .  Samples s h a l l  be washed and 
p r e s e r v e d ,  i n  a manner approved by t h e  Engineer ,  immediately 
a f t e r  r e t r i e v a l .  Samples s h a l l  be c l e a r l y  and i n d e l i b l y  l a b l e d  
w i th  t h e  well number and l o c a t i m ,  d e p t h  i n t e r v a l  r e p r e s e n t e d  by 
t h e  sample ,  and time and d a t e  taken.  The C o n t r a c t o r  s h a l l  be 
r e s p o n s i b l e  f o r  t h e  d r i l l e r  l i t h o l o g i c  l o g  and s a f e  s t o r a g e  of 
fo rma t ion  samples  u n t i l  a ccep t ed  by t h e  Engineer .  

1-06.03 During d r i l l i n g  o f  each  well, a d a i l y  d e t a i l e d  
d r i l l e r ' s  r e p o r t  s h a l l  be main ta ined  and submi t t ed  weekly t o  t h e  
Engineer ,  o r  more f r e q u e n t l y  as  r eques t ed  by t h e  Engineer.  The 
r e p o r t  s h a l l  g i v e  a complete  d e s c r i p t i o n  of a l l  fo rma t ions  
encoun te red ,  number of f e e t  d r i l l e d ,  number of  h o u r s  on t h e  job ,  
shutdown due  t o  breakdown, t h e  wate r  l e v e l  i n  t h e  w e l l  a t  t h e  
beginning and end of  each  s h i f t  and a t  each change of  fo rmat ion  
( i f  measureab le  w i th  t h e  d r i l l i n g  method u s e d ) ,  t h e  dep th  and 
l o c a t i o n  of  any l o s t  d r i l l i n g  f l u i d ,  and o t h e r  p e r t i n e n t  d a t a  
r eques t ed  by t h e  Engineer .  

1-06.04 Upon comple t ion  of each well, t h e  C o n t r a c t o r  s h a l l  
submi t  t o  t h e  Engineer  a wel l -complet ion r e p o r t  t o  i n c l u d e  t h e  
fo l l owing  : 

t h e  nominal  h o l e  d i a m e t e r ( s )  and t o t a l  dep th  of t h e  
completed w e l l ,  

t h e  d i a m e t e r s ,  d e p t h s  and d e s c r i p t i o n  o f  t h e  w e l l  
c a s i n g s  , 
t h e  comple te  d e s c r  i p t i o n  ( i n c l u d i n g  l o c a t i o n ,  l e n g t h ,  
d i a m e t e r ,  s l o t  s i z e s ,  e t c . )  of any well s c r e e n s ,  

t h e  wate r -bear ing  s t r a t a ,  i f  any ,  and t h e  e x a c t  
l o c a t i o n  t h e r e o f ,  

t h e  amount of  g r a v e l  pack and cement used i n  t h e  well, 
and 

o t h e r  p e r t i n e n t  d a t a  r eques t ed  by t h e  Engineer .  



1-06.05 The C o n t r a c t o r  s h a l l  run geophys i ca l  l o g s  a t  t h e  
comple t ion  o f  d r i l l i n g .  Electric r e s i s t i v i t y  and p o s s i b l y  
spon taneous  p o t e n t i a l  on a c o n t i n u o u s  l o g  s h a l l  be run  and one 
copy s h a l l  be f u r n i s h e d  t o  t h e  Engineer  immediately on comple t ion  
of l ogg ing  o p e r a t i o n s .  The Engineer  may r e q u i r e  t h a t  c e r t a i n  
l o g s  be re run .  

1-06.06 Any well completed f o r  a p e r i o d  p r i o r  t o  u s e  f o r  
t e s t i n g  purposes  o r  l e f t  uncompleted due  t o  a d e l a y  i n  
c o n s t r u c t i o n ,  and a l l  'wells a t  t h e  end of  t h e  t e s t i n g  p e r i o d ;  
s h a l l  be capped by t h e  C o n t r a c t o r .  Caps s h a l l  be l o c k a b l e  w i t h  
cemented,  t h r eaded  o r  welded f i t t i n g s ,  and prov ided  w i t h  a 
1/8-inch v e n t  ho le .  

1-07.00 C o n s t r u c t i o n  Procedure  and D e t a i l s  - 
A. Shallow Wells. - 
A 12-inch d i ame te r  h o l e  s h a l l  be d r i l l e d  th rough  

unconso l ida t ed  d e p o s i t s  and app rox ima te lv  10 f t .  i n t o  bedrock.  
A f t e r  d r i l l  t o o l s  are removed; t h e  c o n t r a c t o r  s h a l l  sound t o  t h e  
bottom o f  t h e  h o l e  and run g e o p h y s i c a l  l ogg ing  a s  d e s c r i b e d  i n  
S e c t i o n  1-06.05. I f  t h e  h o l e  h a s  caved,  t h e  C o n t r a c t o r  s h a l l  
c l e a n  t h e  h o l e  t o  t h e  s a t i s f a c t i o n  o f  t h e  Engineer w i t h o u t  
a d d i t i o n a l  payment. I f  it is determined by t h e  Engineer  t h a t  
t h e r e  is s u f f i c i e n t  q u a n t i t y  o f  wate r  and o f  a c c e p t a b l e  q u a l i t y  
t o  w a r r a n t  i n s t a l l a t i o n  o f  a permanent p roduc t ion  well, t h e  w e l l  
w i l l  be s c r e e n e d ,  c a s e d ,  and g r a v e l  packed. The s c r e e n  s h a l l  be 
of PVC ( p o l y v i n y l  c h l o r i d e )  s l o t t e d  p l a s t i c  p i p e ,  of  
6 i n c h  minimum nominal  d i a m e t e r .  S l o t  s i z e  s h a l l  n o t  exceed 
1/8 inch.  The s c r e e n  s h a l l  be p l aced  a g a i n s t  t h e  wa te r -bea r ing  
s e c t i o n s  i n  t h e  well. The remainder o f  t h e  well w i l l  be ca sed  
w i t h  6 i nch  minimum nominal  d i a m e t e r  PVC cas ing .  Casing s h a l l  b? 
new w i t h  minimum wall t h i c k n e s s  o f  0.280 inch.  Casing and s c r e e n  
s e c t i o n s  w i l l  be jo ined  by t h e  use  o f  th readed  and coup led ,  o r  
cemented j o i n t s ,  and g u i d e s  w i l l  be used f o r  c e n t e r i n g  o f  t h e  
c a s i n g  and s c r e e n  column i n  t h e  well above a s  d e s c r i b e d  i n  
1.07.03. 

A f t e r  lower ing  o f  c a s i n g  and s c r e e n  assembly,  t h e  annu lu r  
between t h e  s c r e e n  and fo rma t ion  w i l l  be g r a v e l  packed.  The 
C o n t r a c t o r  s h a l l  sound t o  t h e  bottom o f  t h e  h o l e  i n  t h e  a n n u l u s  
as aproved by t h e  Engineer .  I f  t h e  Engineer de t e rmines  t h a t  t h e  
h o l e  h a s  caved p r i o r  t o  r a v e l  em lacement ,  the Cont rac torp  s h a l l  - 
r e m o v e x e c a v e d  -- m a t e r E l  s o  t a t  * t e r e  a s su rance  that- 
s c r e e n  w i l l  be i n  d i r e c t  c o n t a c t  .with t h e  g r a v e l  pack. The 



method o f  removal  o f  caved  m a t e r i a l  w i l l  be  approved by t h e  
E n g i n e e r .  No payment w i l l  be made f o r  removing c a v e d  m a t e r i a l .  
G r a v e l ,  approved  by t h e  E n g i n e e r  w i l l  be s e t  i n t o  p l a c e  i n  t h e  
a n n u l u s  be tween t h e  s c r e e n  and h o l e  and a l s o  between t h e  c a s i n g  
and h o l e  u n t i l  t h e  t o p  o f  t h e  g r a v e l  i s  n o t  less  t h a n  5 f t .  
above  t h e  t o p  of t h e  s c r e e n .  The a n n u l a r  s p a c e  be tween t h e  
c a s i n g  and h o l e  s h a l l  t h e n  be b a c k f i l l e d  w i t h  d r i l l  c u t t i n g s  t o  
10 f t .  below ground  l e v e l .  The r e m a i n i n g  10 f t .  s h a l l  t h e n  be  
g r o u t e d  t o  t h e  s u r f a c e  i n  a c c o r d a n c e  w i t h  1-07.01. 

If it is d e t e r m i n e d  by t h e  E n g i n e e r  t h a t  t h e r e  is n o t  
s u f f i c i e n t  water i n  t h e  u n c o n s o l i d a t e d  f o r m a t i o n s ,  d r i l l i n g  w i l l  
c o n t i n u e  i n t o  t h e  u p p e r  50 o r  100 f e e t  o f  bedrock  a s  d i r e c t e d  by 
t h e  E n g i n e e r .  I n  t h i s  c a s e ,  t h e  u n c o n s o l i d a t e d  m a t e r i a l  w i l l  be  
c a s e d  o f f  and d r i l l i n g  w i l l  be resumed i n t o  t h e  bedrock w i t h  a  
6 i n c h  d r i l l i n g  b i t .  No c a s i n g  o r  s c r e e n  s h o u l d  be r e q u i r e d  f o r  
t h e  b o r e h o l e  i n  bedrock b u t  t h i s  w i l l  depend o n  f i e l d  c o n d i t i o n s .  
The c o n s t r u c t i o n  d e t a i l s  o f  s h a l l o w  wells a r e  g i v e n  s c h e m a t i c a l l y  
i n  E x h i b i t  1. 

B. Deep Wells. - 
A 1 2  i n c h  d i a m e t e r  h o l e  s h a l l  be d r i . l l e d  from t h e  ground 

s u r f a c e  t h r o u g h  u n c o n s o l i d a t e d  d e p o s i t s  and  20 f t .  i n t o  t h e  
bedrock.  After d r i l l  t o o l s  a r e  removed, t h e  c o n t r a c t o r  s h a l l  
sound t o  t h e  bot tom o f  t h e  h o l e  under  i n s p e c t i o n  by t h e  E n g i n e e r .  
I f  t h e  h o l e  h a s  c a v e d ,  t h e  c o a t r a c t o r  s h a l l  c l e a n  t h e  h o l e  t o  t h e  
s a t i s f a c t i o n  o f  t h e  E n g i n e e r  w i t h o u t  a d d i t i o n a l  payment. An 
8 i n c h  o u t s i d e  diamter (OD) c a s i n g  s h a l l  t h e n  be p l a c e d  and 
g r o u t e d .  S u r f a c e  c a s i n g  s h a l l  b e  o f  b l a c k  s tee l  w i t h  minimum 
wall t h i c k n e s s  of  0.250 i n c h .  

A 6 i n c h  minimum h o l e  s h a l l  t h e n  be d r i l l e d  from t h e  bot tom 
o f  t h e  1 2  i n c h  h o l e  u n t i l  a s u f f i c i e n t  w a t e r  s u p p l y  s o u r c e  h a s  
been  l o c a t e d  w i t h i n  a maximum to ta l  d e p t h  o f  a b o u t  1500 f e e t ,  a s  
d i r e c t e d  by t h e  Eng inee r .  No c a s i n g  s h a l l  be  p l a c e d  i n  t h e  
6 i n c h  h o l e  u n l e s s  s o  d i r e c t e d  by t h e  Eng inee r .  Immedia te ly  
a f t e r  c o m p l e t i o n  o f  t h e  6 i n c h  h o l e ,  t h e  C o n t r a c t o r  s h a l l  sound 
t o  t h e  bot tom o f  t h e  h o l e  under  i n s p e c t i o n  by t h e  E n g i n e e r .  If 
t h e  h o l e  h a s  c a v e d ,  t h e  Eng inee r  may d i r e c t  t h a t  t h e  h o l e  be 
c l e a n e d  and t h a t  a p p r o p r i a t e  s i z e  c a s i n g  be p l a c e d  a t  i n d i c a t e d  
d e p t h s .  G e o p h y s i c a l  l o g s  w i l l  t h e n  be r u n .  

I f  i t  is d e t e r m i n e d  by t h e  Eng inee r  t h a t  t h e r e  is s u f f i c i e n t  
q u a n t i t y  o f  w a t e r  o f  a c c e p t a b l e  q u a l i t y ,  t h e  well w i l l  be  
c l e a n e d ,  d e v e l o p e d  and t e s t e d .  O t h e r w i s e  t h e  b o r e h o l e  w i l l  be  
p l u g g e d  as p r e s c r i b e d  by  t h e  E n g i n e e r ,  and abandoned. The 
c o n s t r u c t i o n  d e t a i l s  of d e e p  wells a r e  g i v e n  s c h e m a t i c a l l y  i n  
E x h i b i t  2. 



1-07.01 The a n n u l a r  space  between t h e  c a s i n g  and borehole  s h a l l  
be g r o u t e d  by pressure-cement  g r o u t i n g  equipment t o  t h e  
s a t i s f a c t i o n  of  t h e  Engineer .  The g r o u t i n g  s h a l l  be done 
c o n t i n u o u s l y  and i n  one o p e r a t i o n .  F lu sh ing  of  t h e  a n n u l a r  space  
w i t h  wa te r  t o  a s s u r e  t h e  space  is open and t o  remove l o o s e  
m a t e r i a l  may be r e q u i r e d  by t h e  Engineer  b e f o r e  g r o u t i n g  is  
commenced. No d r i l l i n g  o p e r a t i o n s  o r  o t h e r  work i n  t h e  well w i l l  
be p e r m i t t e d  u n t i l  t h e  g r o u t  h a s  s e t  f o r  a  minimum p e r i o d  of 
24 hours  and t o  t h e  s a t i s f a c t i o n  o f  t h e  Engineer .  

1-07.02 The c a s i n g  and s c r e e n  ( i n  sha l low  wells) s h a l l  be 
i n s t a l l e d  i n  a s u f f i c i e n t l y  s t r a i g h t  manner t o  a l l o w  i n s t a l l a t i o n  
of a  permanent  t u r b i n e ,  submers ib l e  o r  o t h e r  pump. I f  i t  is  --- 
s u b s e q u e n t l y  de t e rmined  & t h e  Enqineer  t h a t  t h e  a p p r o p r i a t e  
permanent u p  assembly wm c o m p o n e n t s a n d  m c h  p i p e  ( fo r '  - -- 
water  l e v e l  measurements d u r i n g  non-pumping and pumpinp s t a g e s )  - 
canno t  be i n s t a l l e d  and removed from t h e  well o r  t h a t  a c c u r a t e  
acawdown-iieasurements cannot  b e -I m a d e o p a y m x  ---- made f o r  
any - work a s s o c i a t e d  w i t h  t h i s  well. The d e t e r m i n a t i o n  o f  t h e  - -- 
a c c e p t a b i l i t y  of t h e  well w i l l  be made by t h e  Engineer a f t e r  t h e  
w e l l  ha s  been pumped. 

.1-07.03 I n  a l l  w e l l s  c e n t r a l i z e r s  w i l l  be p l a c e d  a t  t h e  bottom 
of t h e  c a s i n g  and e v e r y  25 f e e t  t h e r e a f t e r .  

1-08.00 - Well Development 

The C o n t r a c t o r  s h a l l  s u p p l y  a l l  l a b o r ,  m a t e r i a l  and 
equipment f o r  well development. 

1-08.01 The development o f  a l l  wells w i l l  c o n s i s t  o f  a i r  
s u r g i n g  and a i r - l i f t  pumping as  p r e s c r i b e d  by t h e  Engineer .  
Wells  f i n i s h e d  i n  unconso l ida t ed  m a t e r i a l s  may be t r e a t e d  w i t h  
Calgon (Sodium Hexametaphosphate).  If Calgon is  used,  a wate r  
supply  approved by t h e  Engineer f o r  i n j e c t i o n  of  t h e  Calgon 
m i x t u r e . i n t o  t h e  wells s h a l l  be r e q u i r e d .  A c l e a n  o i l  drum s h a l l  
be used t o  mix t h e  Calgon w i t h  wate r  p r i o r  t o  t h e  i n j e c t i o n .  I n  
a d d i t i o n ,  c h l o r i n e  o r  o t h e r  compounds approved by t h e  Engineer  
sha l l  be used a s  d i s i n f e c t a n t s .  The d i s e n f e c t a n t  s h a l l  be 
d e l i v e r e d  t o  t h e  s i t e  of t h e  work i n  o r i g i n a l  c l o s e d  c o n t a i n e r s  
bea r ing  t h e  o r i g i n a l  l a b e l  i n d i c a t i n g  t h e  pe rcen t age  of  a v a i l a b l e  
c h l o r i n e .  The d i s i n f e c t a n t  s h a l l  be r e c e n t l y -  purchased.  The 
q u a n t i t y  of  c h l o r i n e  compounds used f o r  d i s i n f e c t i o n  s h a l l  be 
s u f f i c i e n t  t o  produce a  minimum of  50 ppm ( p a r t s  p e r  m i l l i o n )  



a v a i l a b l e  c h l o r i n e  i n  s o l u t i o n  when mixed wi th  t h e  t o t a l  volume 
of  wa te r  i n  t h e  w e l l .  

1-08.02 Development o p e r a t i o n s  s h a l l  cease when t h e  completed 
w e l l s  produce no s a n d ,  g r a v e l  o r  a b r a s i v e s  when pumped w i t h i n  t h e  
d i s c h a r g e  range o f  t he '  t e s t  d e s c r i b e d  i n  1-09.00. 

1-09.00 Well T e s t  i n q  

The C o n t r a c t o r  s h a l l  f u r n i s h ,  i n s t a l l  and remove t h e  
n e c e s s a r y  measuring i n s t r u m e n t s  and pumping equipment c a p a b l e  of  
pumping t o  t h e  r e q u i r e d  p o i n t  of  d i s c h a r g e ,  a  maximum o f  80 
U.S. gpm, wi th  a maximum pumping l e v e l  o f  500 f e e t ,  and w i t h  
s a t i s f a c t o r y  t h r o t t l i n g  d e v i c e s ,  s o  t h a t  t h e  d i s c h a r g e  may be 
reduced.  The pumping u n i t  s h a l l  be comple te  w i t h  an ample power 
s o u r c e ,  c o n t r o l s  and appur t enances  and s h a l l  be c a p a b l e  o f  being 
o p e r a t e d  w i t h o u t  i n t e r u p t i o n  f o r  a p e r i o d  of  8 hours .  

P r i o r  t o  s t a r t i n g  t h e  pump, wa te r  l e v e l  measurements s h a l l  
be  made i n  t h e  p r o d u c t i o n  w e l l  and t h e s e  measurements s h a l l  be 
recorded .  The w e l l  s h a l l  be  w s t e p " - t e s t e d  a t  v a r i o u s  r a t e s  of 
d i s c h a r g e .  The comple te  t e s t  is e s t i m a t e d  t o  r e q u i r e  
approx imate ly  8 hou r s .  The C o n t r a c t o r  s h a l l  o p e r a t e  t h e  pump and 
change t h e  d i s c h a r g e  a s  p r e s c r i b e d  by t h e  Engineer .  Discharge of 
t h e  pump s h a l l  be c o n t r o l l e d  by both  g a t e  v a l v e  and eng ine  
t h r o t t l e ,  a s  t h e  pump w i l l  be eng ine  d r i v e n .  The d i s c h a r g e  s h a l l  
be c o n t r o l l e d  and main ta ined  a t  approx imate ly  t h e  d e s i r e d  
d i s c h a r g e  f o r  each  s t e p  w i th  an accuracy  of  p l u s  o r  minus 
5 p e r c e n t .  Pump d i s c h a r g e  s h a l l  be measured by a method approved 
by t h e  Engineer.  

1-09.01 A 1-inch p i p e  s u i t a b l e  f o r  measurement w i t h  e l e c t r i c  
sounder  and open o n l y  a t  t h e  bottom and t o p  s h a l l  be i n s t a l l e d  
f o r  wate r  l e v e l  measurements. The bottom o f  t h e  p i p e  sha l l  be 
s e t  2 f e e t  above t h e  t o p  o f  t h e  pump bowl assembly. 

1-09.02 Discharged wa te r  s h a l l  be conducted from t h e  pump t o  
t h e  n e a r e s t  su r f ace -wa te r  body, s to rm sewer, or  d i t c h ,  as 
approved by t h e  Engineer  o r  h i s  r e p r e s e n t a t i v e .  I t  is  impera t i ve  
t o  i n s u r e  t h a t  no damage by f l o o d i n g  or e r o s i o n  i s  caused t o  t h e  
chosen d r a i n a g e  s t r u c t u r e  o r  d i s p o s a l  s i te .  



1-09.03 If a  pumping t e s t  is s t a r t e d ,  t h e n  must be s topped  due 
t o  equipment  breakdown o r  inadequa te  s u p e r v i s i o n  by t h e  
C o n t r a c t o r ;  no payment w i l l  be made f o r  t h e  time s p e n t  pumping 
b e f o r e  t h e  t e s t  had t o  be s topped ,  o r  t h e  t ime  s p e n t  w a i t i n g  f o r  
r e c o v e r y  b e f o r e  t h e  tes t  is r e s t a r t e d .  I f  any p a r t  of  t h e  
pumping equipment f a i l s  t o  o p e r a t e  p r o p e r l y  o r  i m p a i r s  t h e  p rope r  
f u n c t i o n i n g  of  a n o t h e r  e lement  o r  i n s t rumen t  invo lved  i n  t h e  
t e s t ,  t h e  equipment s h a l l  be removed and r e p a i r e d  a t  t h e  expense  
of  t h e  C o n t r a c t o r  and no payment w i l l  be made f o r  t h e  de l ay .  

1-09.04 Water samples  w i l l  be t aken  a t  l e a s t  once from t h e  
pumped wa te r  a t  each  s t e p  of t h e  pumping r a t e .  Samples w i l l  be 
c o l l e c t e d  and p l aced  i n  approved c o n t a i n e r s ,  s e c u r e l y  c l o s e d  t o  
avo id  s p i l l a g e  and con tamina t ion ,  and l a b e l e d  w i t h  t h e  f o l l o w i n g  
i n £  ormat  ion:  

1. Number of  w e l l  - 
2. D a t e a n d t i m e t a k e n  - 
3. Pumping r a t e  a t  t ime  of sampling - 

1-10.00 Cement P luqginq  

If w e l l s  a r e  to  be abandoned t h e  Engineer may d i r e c t  t h a t  
t hey  be plugged by pressure-cement  g r o u t i n g  i n  accordance  w i t h  
1-07.01. 

1-11.00 A d d i t i o n a l  Work and P r o t e c t i o n  o f  Wel ls  -- - 
A t  t h e  o p t i o n  o f  t h e  Owner, a d d i t i o n a l  work may be 

a u t h o r i z e d .  A d d i t i o n a l  work s h a l l  be a t  p r i c e s  n o t  exceed ing  
t h o s e  f o r  comparable work and m a t e r i a l s  determined by t h e  
Engineer  and Owner, as t h o s e  f o r  t h e  u n i t  p r i c e s  i n  t h i s  
C o n t r a c t .  

1-11.01 The Engineer  w i l l  d i r e c t  t h i s  work which may i n c l u d e  
c o n s t r u c t i o n  o f  a p p u r t e n a n t  s t r u c t u r e s .  T h i s  work is n o t  p a r t  of  
t h i s  c o n t r a c t .  However, t h e  Engineer w i l l  d i r e c t  t h e  C o n t r a c t o r  
t o  cap  a l l  w e l l s  w i t h  e i t h e r  welded, theaded o r  cemented c o v e r s  
a t  t h e  c o n c l u s i o n  of o p e r a t i o n s  p r i o r  t o  any permanent 
a d a p t a t i o n .  No payment w i l l  be made f o r  t h i s  capping.  



GUIDELINES FOR PERFORMING PUMPING TESTS 

Purpose - and Scope of -- Tests 

A pumping test is conducted to determine the hydraulic 

characteristics of an aquifer(aquifer test) or to provide 

information about the yield and drawdown of the well (well 

test). 

Properly planned and carefully conducted aquifer tests 

are necessary to provide basic information for the solution 

of many regional as well as local ground-water flow problems. 

This information can be used to determine aquifer yield; 

number, design, and spacing of wells; and projected decline 

in water levels due to a specified rate of withdrawal. It 

is with these objectives that we are mainly concerned in 

this note. 

Well test data can be used to determine the specific 

capacity of the well, select the type of pump, and estimate 

the cost of pumping. The specific capacity e gives a measure 

of the effectiveness or productive capaciti "of the well. 

While well tests are primarily intended to determine the 

well specific capacity, the data also can be used to compute 

approximate values of aquifer characteristics. 

Testing Principle - and General Procedure 

In principle the aquifer test consists of field measurements, 

of aquifer response to the effects of controlled pumping, 

that are used to compute hydraulic and elastic properties of 

the aquifer. Water is pumped at a controlled rate from a 



well completed only in the aquifer under evaluation while 

water levels are measured in the pknped well and in identically- 

completed observation wells. The hydraulic characteristics 

of the aquifer are then found by substituting the drawdowns, 

tdme of measurement, distance from the pumped'well, and well 

discharge in appropriate formulas. 

It is desirable that a step-test be conducted first 

before a constant-rate,test is started. This involves 
YQVc 

pumping,at three4successive discharge rates and analyzing 

the results to determine a discharge rate for the longer- ' 

term test. In certain cases, step-test data can be also 

used to determine approximate values of aquifer properties* 

. . The step test can be completed in a few hours and the long- 

term constant-rate test is usually run from one to several 

days. 

Aquifer test results often are used to predict effects 

many miles distant and many years hence. Consequently, it 

is extremely important that the test be conducted under 

close control and that precise measurements records be 

maintained, particularly since the test period is relatively 

skrf,rt and the sampled area relatively small. 

Pre-Test Data - Collection 
Prior to the performance of an aquifer test, the 

necessary information of the subsurface geological and 

hydrological conditions has to be collected. This includes 

the geological features of the aquifer, for example the 



1ithologj.c character and thickness of the aquifer, the 

aquifer boundaries, the direction of groundwater flow, the 

water table gradients, and the regional water-,level trend. 

Knowledge the and hydrology the area 

will be helpful deciding on the 

needed and on the number and location the tests. 

of study 

equipment 

Such 

knowledge may also be of great importance when the test data 

are being analyzed and boundaries have to be taken into 

account. 

Records of the pumped well and piezometer construction 

details should be obtained and reviewed. This is to include 

well diameter, total depth, lithologic log, casing and 

screen record, sieve analyses of formation and gravel envelope, 

water levels, and any data rele~ant~to the analysis or the 

geological conditions which define the regime. 

The water level or artesian pressure at any well is 
I 

normally changing due either to variations in pumpage from 

the aquifer, barometric changes, or the natural accretion or 

depletion of the groundwater reservoir. Ideally, a pumping 

test should not be started before the already existing water 

level changes in the aquifer are known, including both long- 

term regional trends and short-term variations of the water 

level. Hence, for some days prior to the actual test, the 

water levels in the piezometer should be measured and a 

hydrograph delineating the trend and rate of water level 

change is prepared. At the end of the test, i.e. after 



complete recovery, water level readings should continue for 

one or two days. With these) data,the hydrographs are completed 

and the rate of water level change during the test can be 

determined. This information can then be used to correct 

the drawdowns induced by pumping alone. 

When a pumping test is expected to last one or more 

days, the barometric 'pressure, the levels of surface waters, 

if present, and the precipitation should also be measured. 

Test Set-up - 
Pump and Power Unit: - - 

The pumping unit should be vertical turbine type 

driven by an electric motor or a gasoline (or %esell 

-engine capable of very stable speed regulation. The pimp 

must be capable of continous operation for the full period 

of the test at a closely controlled rate; therefore, the 

pump and motor should have greater capecity than the anticipated 

requirement. The capacity of the pump and the rate of 

discharge should be high enough to produce good measurable 

drawdowns in piezometers as far away as 400 or 500 feet, 

depending on the aquifer conditions. 

It is well to perform a trial xun to check the capability 

of the equipment, to assure the free passage of water level 

measurement equipment down the well bore and to locate and 

eliminate any packing leaks or other obstructions to rapid 

and accurate observations. This would also provide a good 

opportunity for checking on whether oz not all the piezometers 



Discharqe P a :  

f o r  

The discharge pipe must be equipped with a ga te  valve  

regula t ion flow, and he lpfu l  c a l i b r a t e  t h e  

valve s e t t i n g  during t h e  above-mentioned t r i a l  t e s t .  An 

o r i f i c e  tube (Figure l) ,  commercial meter, o r  o the r  d ischarge 

measuring device should be i n s t a l l e d  and ca l ib ra t ed  so t h a t  

accura te  measurements can be made. A weir box may a l s o  be 

used f o r  discharge measurement. 

Discharge Disposal F a c i l i t y  

. . Arrangements should be made p r i o r  to t h e  t e s t  t o  

ensure  t h a t  water de l ivered  by t h e  wel l  is  prevented from 

re-enter ing t h e  t e s t e d  aqui fe r .  This can be done by conveying 

t h e  water through a large-diameter p ipe  over a convenient 

d i s tance ,  say 400 o r  500 f e e t ,  and then discharging it i n t o  4 

a cana l  o r  n a t u r a l  channel which is  no t  i n  hydraulic connection 

wi th  t h e  t e s t e d  qu i fe r .  The pumpe&water may a l s o  be conveyed 

through a shallow d i tch ;  bu t  unless it is  c e r t a i n  t h a t  

seepage w i l l  n o t  r een te r  t h e  aqui fe r ,  pr.ecautionary measures 

should be taken t o  s e a l  t h e  bottom of the d i t c h  with c l a y  o r  

p l a s t i c  shee ts  t o  prevent seepage. 

The pumped water should be discharged away from t h e  

l i n e  of piezometers. I f  a d i t c h  or open water course is 

used t o  discharge the  pumped water, flow measurements should 

be made i n  t hese  channels. Piezometers may be used t o  check 

whether water losses occur through t h e  bottom during t h e  

test .  



Performing the Test -- 
- Performing a pumping test involves pumping of a test 

well at a prespecified discharge rate and measurement and 

recording water level in the pumped well and piezometers 

during pumping and recovery. The discharge rate is to be 

monitored periodically and is to be controlled and recorded 

throughout the pumping period. 

Discharge Measurement 

The discharge rate should be kept constant throughout 

the long-tern test. The discharge rate should be measured 

accurately and recorded periodically, at least once every 

hour, and necessary adjustments must be made from time to 

time to keep the discharge rate constant. This can be done 

by a valve in the discharge pipe, rather than by changing 

the speed of the pump, as a valve cives more accurate control. 

Discharge measurement must have a 95 percent accuracy, or 

better, no matter which measurement method is used. 

When the orifice tube meter is used for discharge 

measurement, the chart and equation given in Figure 1 can be 

used to determine well discharge if standard reference 

tables or curves are not available. The orifice meter 

preferred because it provides good sensitivity (small 
% 

changes in rate are detectable) and direct, visible measurement 

b o  computations or delay are involvedl. 



Water Level Measurement - 
Water l e v e l  observat ions  a r e  made i n  t h e  pumped w e l l  

and, f o r  t h e  constant - ra te  test, i n  a s  many piezometers and 

observa t ion  wells as prac t i cab le .  These readings are 

obta ined by any of  s eve ra l  methods: S t e e l  t ape  and chalk o r  

i n d i c a t o r  compound, steel t ape  m d  f l o a t ,  e l e c t r i c  dropl ine ,  

a i r l i n e  and a l t i t u d e  gage, o r  f l o a t  ac tua ted  automatic 

recorder .  The use  of steel t ape  and chalk  and t h e  use of a 

recorder  are preferred .  

Water l e v e l  changes due t o  uniform pumping vary exponent ia l ly  

w i th  t h e  e lapsed  t i m e  from t h e  s t a r t  o r  change i n  pumping 

. r a t e s .  I n  o t h e r  words, t h e  same drawdown increment would be 

expected between t e n  and me-hundred minutes, as t h a t  observed 

between one and t e n  minutes. I t  i s  important ,  t he re fo re ,  

t h a t  water  l e v e l  teadings  be a s  accura te  and f requent  a s  

p o s s i b l e  i n  t h e  i n i t i a l  minutes of t h e  test. Frequency of 

measurement can be reduced a s  the test proceeds. The readings  
* 

can be made every 30-60 seconds i n  t h e  f i r s t  5 minutes of 

t h e  test, 2-5 minutes i n  t h e  subsequent hour, 10-15 minutes 

i n  t h e  fol lowing two hours, and 30-60 minutes i n  t h e  remainder 

of t h e  test. 

A f t e r  t h e  pump i s  shu t  down, t h e  water l e v e l  i n  t h e  

pumped w e l l  and t h e  piezometers w i l l  s t a r t  to  rise. In  t h e  

f i r s t  hour it w i l l  rise rap id ly ,  bu t  a s  t i m e  goeS on, t h e  

rate of  rise decreases.  This p a r t  of t h e  pumping test is  

c a l l e d  a recovery test. Recovery test  data can be used a s  a 



check on the calculations based on the drawdown data. The 

schedule for recovery measurements is the same as that 

followed to during the pumping period. 

Obviously watches having sweep second hands are necessary 

and all watches should be aynch*nized before the test is 

started, or when possible, arrange a signal for the moment 

pumping is started so that all observers know the exact 

starting time. If it is necessary to use an airline, the 

altitude gage should be re-calibrated before the test and 

verified by direct measurement. The gage dial should read 

in feet, directly if possible, and should be 8-inch or 

larger in diameter with the full dial displacemeut sufficient 

to encompass the full range of values expected but iot much 

greater because of a sacrifice of accuracy. 

Points from which measurements are made on various 

wells should be referred to a common datum, and if a recorder 

is used, the setting for the recorder chart verified by 

, 
r l  I 

direct measurement when the chart is installed and again 

when the chart is removed. 

The data should be'recorded in a concise legible manner, 

of the general form shown by Figure 2. Recorder charts 
? 

should be submitted with the data. 

, . Duration of Test -- 
The question as to how many hours the well should be 

I pumped continuously is difficult to answer because the 

period of pumping depends on the type of aquifer tested and 



the degree of accuracy desired in establishing the hydraulic 

properties. Economizing on the period of pumping is not 

recommended because the costs of running the pump a few 

extra hours are low compared with the total costs of the 

test, particularly when the wells have been specially 

1 constructed for test purposes. Morover, better and more 

reliable results ,are obtained if pumping continues till the 

water level has been stabilized or nearly stabilized and 

equilibrium is reached. 

In some wells, conditions of steady flow or equilibrium 

occur a few hours after pumping starts; in others they occur 

within a few days or weeks, whereas in some wells they never 

occur even though pumping continues for years. If a pumping 

test is performed in a confined aquifer it is good practice 

to pump the well for a period of 24 hours. In a water table 

aquifer a longer period of pumping is required and it is 

common practice to pump the well for two or three days. 

It is not absolutely necessary to continue pumping 

until a steady flow situation is reached because there are 

methods available to analyze nonsteady-state data. Neverthe- 

less, it is recommended that pumping be continued until a 

steady fl& is reached, especially when accurate information 
. 3.' 

t # ,  on the aquifer characteristics is desired, for example as a 

basis' for pumping stations for domestic water aupply or 

other expensive construction works. Simple equations can 

then be used for the analysis of the data and reliable 



results obtained. Another advantage is that a longer period 

of pumping may reveal the presence of boundary conditions 

previously unknown. 

Preliminary plotting of drawdown data during the test 

will often show what is happening and may indicate how much 

longer a test should continue. 



Dischaqe, Measurement by the 
Orifice Tube . N e w  

., . Saurre : byne a d  Bowler, Inc. , nMeasurement of Water Flaw fhratgh Pipe 
3 '  

Orif ice w i t h  Free Discharge:. bknphis, Tennessee, 1958. 

I 



I . . 
PUNPING TEST DATA 

Test conducted by: Alph~r Encinccrinl: Cd. ;lnJ Stntc Vnter Strrvev 

Well Owner: C i t y  c r i  I )ocvi l le AtlJrcss: L>ocville. I l l i no is  

Pumped U c l l  No.: 2 Location: Arprox. 1060' N k 2000' U' o i  SL: Cor. of 

Scc. 10 Twp. 1 N. IL~nge  3E. County Doe 

Obscrvncion Well Locations: No. 1 - 1270' due west of Well No. 2 
Air l ine L c n ~ t l i x :  Punipecl U'ell 97.3' Obscrvrtion Wells 

Hcrnurks: E l e v a c i ~ n  of cop o i  Casinr U'cll No. 2 - 704,0Se MSL 
- [:lcvacian o i  cop of Cnsinc U'ell No. 1 - 705.72' AISL 
r'csr abscrvcd bv 1t.T.S. \t. G.I t .N . .  Pumpins r:ltc n~cisuret l  with 8" x 10" arficc. water levels nicnsured with 

2 ant? rccordcr In U c1I 
. . XQ, 1. 

Pumpcd U'cll 0x3  

hurce: State Water S w e y  mrt of Investigation No. 25, 1955 (Illhis). - - -- 
\ 
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APPENDIX B 



GEORGE E. FAILING COMPANV / A DIVISION OF AZCON CORPORATION v' 



1 drill plpe . . . 

features 
two-speed hydraulic chain pulldown 

hydraulically retrrctablo rotary tablo 

two identical heavy duty hoisting drums 

choice of  
7%" or 5%'' rotary table 

31' 6", 35' or 38' clearance in mast 

options 
air clutchor 

hydraulic lovoling jacks 

third drum (sand reel) 

5 ~ 6 % ~  5x6, 5x8 or SHx8 mud pump 

two 5 ~ 6 ~ / r  mud pumps, side by sido 

3"x4" cantrifugal pump 

5041, 50-SDS, 100-SDS or 25642 
air comprorsor 

hydrostatic drivon rotary tablo 

vrriablo hold-back on pulldown 

wakr hjocfion system 

spuddor attachment 

force-toed clear vision lubricator for 
down-tho-holm tool 

On tho unit picturod rbovo, r n  ruri l irry onginr is mountod on dock to drivo 
tho 25652 compressor for high prrsrurr air drilling. Drill unit Is powsrod by 
tho truck rngino through tho FAILING powrr take-off. This rrrrngomsnt 
gives r rrsowo of power and rilows full control of tho rotary rpm r r  rrquirrd 
t;;r dowwtho-holr tool oporrtion. Not. tho optionrl third drum. 

This drill Is powrrod complotoly by tho truck engine via powar trkc-off. It 
is oquippod with thr IOd-SDS air comprorror and tho FAILING 5 ~ 6 %  mud 
pump (covorod). I t  also crrrirs tho optionrl third drum, 

This drill is equippod with tho FAILING FM.45 reciprocating mud pump and 
tho 3a4 crnfrifugrl pump, This compact unit is mounted on r 175" WB truck 
and i~ poworod by the truck engine through the FAILING power trkwoff. 

This CC-15 h equipped with tho FAILING FM.45 5n61h mud pump for 
raclventionrl rotary drilling. Entire unit is poworrd by tho truck engine 
through the fAlLlNG powrr t rkwf f .  



VERSATILE 
With a choice of masts, rotary tables, mud pumps and/or air compres- 
sors, and with its many optional features, the FAILING CF-15 HOLE- 
MASTERm drill is equipable for drilling any formation . . . anywhere. 

PUMP and/or COMPRESSOR 
When equipped with the FAILING 5 ~ 6 %  reciprocating mud pump, it is  

' rated to drill water wells to 1500 feet, using 2%'' drill pipe. Large 
diameter wells to shallower depths are possible with the (optional) 3x4 
centrifugal pump. .Or, with an (optional) air compressor, you have a 
combination unit for drilling with either air or mud. 

or ... TWO PUMPS 
When your drill is scheduled to be used for both large and small dia- 
meter holes, such as for municipal wells and for private wells, greater 
flexibility may be provided by mounting two FAILING FM45 pumps 
side by side. Users cite many advantages for this dual pump installation. 

HIGH PRESSURE AIR 
A choice of compressors is offered in sizes and capacities for down-the- 
hole tool drilling, for rock bit drilling, or for developing water wells. 
Operators using high pressure air and down-the-hole tools report success 
with this equipment in the hardest formations. For units so equipped, 
an optional HOLD-BACK feature is available, enabling the driller to 
control the amount of weight on the hammer bit for more efficient 

.operation. 

TWO-SPEED HYDRAULIC CHAIN FEED 
The FAILING hydraulic chain feed consists of two pulldown chains actuated by one 
hydraulic motor. Drive i s  through a two-speed transmission via guarded chains 
to an equalizing jackshaft for even tension on both pulldown chains. Final drive 
sprockets are individually mounted on short shafts and are fitted with needle type 
anti-friction bearings. Feed chains run in a vertical plane over the table centerline, 
giving a straight pull down on the kelly. The two-speed transmission provides 
increased pulldown capacity with low hydraulic pressures. It shifts into neutral 
for free-wheel spudding and rod connections. Spring tension in crown block auto- 
matically maintains adjustment and proper tension on feed chains, which remain 
tight and in full engagement with the sprockets while raising or lowering the mast. 
Tho hydraulic drive maintains a constant bit plrssuro, gives a smooth ford, p!r* 
vrnh ovwstrrssing or breaking ferd chains and insum longer life for your b~ts 
and down=th+hol. tools. 



lSOO k. (4S7.2 m l  holes Designed lo  handle casing loads up to 15,000 Ibs. with single sheave block. 
C A C A C I ~  with 2 W  (75.45 mm) drill pipe. 

El~ciricollv welded from cold drown steel Height. ...... .31'.6" (9.61 m) or 35 ft. (10.7 m), or 38 It, (11.51 m) 
choice of tubing. Rigid slructwal sections. Raised and clearance abov. toblr for usin 20 11. 6.1 m) dri l l  pipe. 

lowered bv one large double.arting hydraulic Total toss capocity ....... .40,000 Ibs. (18544 kg) 
t w o  Iengthn cvlinder, Mar. R-k load copocitv. . . . .  25.000 ibs, (10,340 kg) with sin Ie sheave block. 

IMosts with eaponded working areas ore Crowa.. ..... .2 sheores far wire liner onglrd over hole ond Brumst roller bearing. a 

available.) 13.sheove crown ovolloble when drill is equipped with optional third drum. 
Spring tension providrd in crown lor eoch pulldown choin. 

DRAWWO~KS Twe identical drums. Spool diameter.. ........ 7". ................. (17.78 cm) 
Spiral bevel ear drive. Spoal Ion I), ........... . I%" .............. 122.12 cml 
oil both lubr?cotion. Moa. sing% line pull.. .... 15,000 lbs.. .......... 16.804 Lo) ................. ...,... Friction clutch on w c h  drum. Brakes 16" a 6" single 140.64 cm a 15.21 cm) ........ .......... Air clutches optional. l ine copsci)l.. .(/a" a S M  It.. .112.7 mrn a 152.4 m) 

. . . . . . . . .  .............. Clutches.. .14" 3.olalm 135.56 cml 
- - 

Third drum er sand reel for.belling. Spool diameter.. ........ .7". ................. 117.78 crn) 
(00tienoil Spool length;. . . . . . . . . .  .24". . . . . . . . . . . . . . . .  160.96 cml 
i r i c~ ion  clutch s~ondord. Mom. sing I ~ n e  pull.. .... 4,000 lbs. . . . . . . . . . . .  11.014 kg) 
Air clutch aptionol. Broke.. ................ .16" 14th" single.. . . .  140.64 cm a 11.13 cm) 

Clulch.. ................ 11" 3.olatr. . . . . . . . . .  .127.94 cml 

ROTARY 
TABLE Soirol bevel .eon. . 

Oi l  bath lub,(ltation. 

.............. ............... Opening.. 7%". 119.05 cm) ............... or.. ........... .5th". (13.34 cml 

Topered roller bearings throughout. 

)ULLQOWN Hvdroulic mator drive. Puildown in low geor. ... .4.680 Ibs. per 100 psi hydraulic pressure. 
Two 1%" oitch chains. Pulldown in high p o r .  . . .  2,900 Ibs. per 100 psi hydroulic pressure. 
Twa.speed transmisslen. (Actual stall or 80 m thwretitol.) 
Hold-bock faature aplionol. 

MUQ V-belt drive. Choico of models. ?AILING Model FM.45, 5" a 6'h" (12.7 cm a 15.80 em) dupiaa reciprocoling type power 
Friction clutch ollews belts to remain idle pump. PUMP when pump is not running. Optienol mud pumps includo the 5" a b", 5" x 0" and 5th" a 8" (12.7 a 15.24 rm; 

(Optional) 12.7 a 20.32 cmr and 13.97 a 20.32 cm). 

CENTRIFUGAL V-belt drive. Sire .................. 3" a 4". . . . . . . . . . . . .  .(76.2 mm a 101.6 mm) 

PUMP Available only on certoin units. 

(Optional) 

*(a V-belt drive. Choice of models. Model 5041 provides owroting wressures up lo 45 psi. 
Equipped v i t h  sofetv volve, oir cleaners, Model 50-SDS or 1004DS provides operoting presures up to 125 psi. COMPaEssOa unloading mechanism and surge tonk. Model 2 S 4 2  provides operating pressures up to 230 psi. 

(Optional) 
--- - 

helical geom. Sinole plot* 12" (30s mm) tour speeds forward; one speed revers.. Rotary spesds from I S  to 220 rpm with engine 
M g C W f ~ ~ ~ : ~  rotorv clutch ahead of trmsmission. at 1800 rpm. Remole cont~olled from driller's station. An optional 3.speed oumiliory 

DRIVE transmission is svailoble, in  oddilion to the 4-speed, when slowrr rqm, desirable when 
using down.the.hole tools. is required. 

......... UYDROSTATIC fluid motor flengo-mountd to o &speed lo lory  speeds.. .O to 115 rpm. 
ROTARy transmission. Io larv  torqw.. .......... 12,000 Ib. It. at sloll. 

DRIVE 
(Optional) - 

SUB Three-shaft. chain drive. C)uodruple roller choin, %" (19.0 mm) pitch. Unitized ossembiv with friction clutches f o r  
)all b e ~ r i q .  

"1" Oi l  both. 
s reciprocating pump, centrifugal pump, or smoll oir compressor. i f  the dri l l  is equipped 

with one or more of these oplions. 

011 V-boll drive. 40.gal. (150 liters) per min. at 1OOO psi (70.4 kg per sq cm) mom. , 
PUMP 

, C O N T ~ O ~ S  Engineered design. Convenienllv grouped 01 driller's stotion, including safety switch and engine startar button. 

MOUNTlNd Truck of suitoble copecilv. Soecificotions Truck engine pewers r ig  through power tohe-off and sub drive orrongement. Truck oml*~, 
depmd on drill components selected. springs and tires must meet federol regulations pertoining to ~ o t a l  veCicle'weights. 

WEIGHT Varies with truck e d  eptionol eauipment. kon t  .ale, 1,OW l b ~ :  rear oale, 18500 Ibs.; total weight, 2 7 , m  Ibs. (12,160 kg). 
Y la imm. A 

. . .:.. . . . . .  
9' THE GEORGE E. CA lL lNG COMPANY. WHOSE POLICY I S  ONE O F  CONTINUOUS IMPROVEMENT. RESERVES THE R l G H T  

'10 DISCONTINUE MODELS OR CHANGE SPECICICATIONS. DESIGN OR FRICES. AT  ANY TIME. WITHOUT NOTICE A N 0  
W I T H O U T  INCURRING ANY OBLIGATION TO MAKE SIMILAR CHANGES O N  EQUIPMCNT PREVIOUSLY PROOUCED. i .  

w OENUIM8 CART8 101 A L L  CAIL lMS AND/OR WADCO DRILLS ARC AVAILADLC CROW: 
LAROO. CLOR 1 DA C U I N I t E L D .  INOIANA HOUSTON. TCXAS GRAND JUNCTION. COLORADO 
CORCST CAlU.  QEORGl4 CASCCR. WVOMlNO OOC8SA. VERA8 5 A N  LEANDRO. CALIFORNIA EDMONTON. ALBERTA 
NL'W ORLE4WS. LOUISI4NA ORAWTS. NCW M L I l C O  S7.UICblAPLS YCi JLOOMINGTON. MINNESOTA CALGAIIV. ALOCRTA 

GEORGE E. FAILING COMPANY 
A OlVlSlON OF AZCON CORPORATION 

ENID, OKLAHOMA 73701, U.S.A. 57 
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A p p e n d i x  D 
Well C o m p l e t i o n  R e p o r t s  &/ 

T e s t - W e l l  H - 1  

T h i s  well w a s  d r i l l e d  i n  t h e  a l l u v i a l  d e p o s i t s  o f  t h e  

C o l o m b i e r  R i v e r ,  t o  a  t o t a l  d e p t h  o f  1 4 1  f e e t .  T h e  well  

e n c o u n t e r e d .  r e l a t i v e l y  h i g h  p e r m e a b i l i t y  s a n d  a n d  g r a v e l  b e t w e e n  

5 a n d  1 0 2  f e e t .  Some i n t e r b e d s  o f  s i l t  a n d  c l a y  were i d e n t i f i e d .  

Be low t h i s ,  m o s t l y  l o w - p e r m e a b i l i t y  c l a y  w a s  f o u n d .  T h e  well was  

c a s e d  w i t h  115 f e e t  o f  611 diameter a t e e l  c a s i n g  i n c l u d i n g  4 0  f e e t  

o f  h a n d  s l o t t e d  s c r e e n ,  The  well was s t e p - t e s t e d  a t  f o u r  

d i f f e r e n t  pumping  r a t e s  r a n g i n g  f r o m  26 t o  2 3 3  gpm, a n d  t h e  w a t e r  

i s  of  g o o d  q u a l i t y .  

A/ Well l o g s  a n d  c o n s t r u c t i o n  f e a t ; ; r e a  a r e  g i v e n  i n  A p p e n d i x  C .  

0-1254' 10 J u l y  1980 



T e a t  W e l l  H-2 

H-2 was d r i l l e d  i n  t h e  s o u t h e a s t  p o r t i o n  o f  t h e  s t u d y  a r e a .  

I t  was d r i l l e d  t o  a  d e p t h  o f  120 f s e t ,  t h e  u p p e r  90 f e e t  o f  wh ich  

c o n s i s t e d  p r i m a r i l y  o f  h i g h  p e r m e a b i l i t y  s a n d  e n d  g r a v e l .  From 

9 0  t o  1 1 0  f e e t ,  t h e  w e l l  e n c o u n t e r e d  l i m e s t o n e .  The well was 

c a s e d  w i t h  1 0 2  f e e t  o f  6It s t e e l  c a s i n g ,  i n c l u d i n g  40 f e e t  o f  hand  

s l o t t e d  s c r e e n .  S u b s e q u e n t  t e s t  pumping i n d i c a t e d  a  d i s c h a r g e  o f  

2 4  gpm a n d  a  s p e c i f i c  c a p a c i t y  o f  1.1 g p m l f t .  S a l t  w a t e r  u n f i t  

f o r  mos t  u s e s  was f o u n d  i n  t h i s  well. 

! . '  
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1 0  J u l y  1 9 8 0  



Tes t  W e l l  ti-3 

T h i s  w e l l  i s  l o c a t e d  a p p r o x i m a t e l y  1 k i l o m e t e r  n o r t h w e s t  o f  

Cabana Boeuf. I t  was d r i l l e d  t o  a  dep th  o f  137 f e e t  and 

p r i m a r i l y  encoun te red  sand and g r a v e l  f r om 5 t o  60 f e e t ,  and 70 

t o  95 f ee t ,  w i t h  c l a y  beds between 60 and 70 f e e t  and below 95 

f e e t .  S t e e l  c a s i n g  o f  611 d i ame te r  and 87 f e e t  were i n s t a l l e d  i n  

t h e  12" d iamete r  and g r a v e l  packed h o l e .  Of t h i s ,  30 f e e t  was 

hand s l o t t e d  . No d i s c h a r g e  r a t e  f o r  t h i s  w e l l  i s  a v a i l a b l e .  

8-1254 10 J u l y  



Test Well H-10 

H-10 i s  l o c a t e d  i n  t h e  c e n t r a l  p a r t  o f  t h e  s t u d y  a r e a  a b o u t  

lOkm e a s t  o f  Anse Rouge . H-10 e n c o u n t e r e d  f ine- to -medium 

g r a i n e d  a l l u v i a l  a a n d  f rom t h e  s u r f a c e  t o  a d e p t h  o f  a b o u t  8 5  

f e e t  (75-80 f e e t  on t h e  e l e c t r i c  l o g )  e n d  g r a y  c l a y s t o n e  f rom 85  

f e e t  t o  t h e  t o t a l  d e p t h  of  5 0 0  f e e t .  D r i l l  c u t t i n g s  a n d  d r i l l i n g  

c h a r a c t e r i s t i c s  i n d i c a t e d  t h a t  t h e  a l l u v i u m  is p a r t l y  cemen ted  

w i t h  c a l c i t e  and  t h a t  t h i n  m a r l  o r  c l a c a r e o u s  s t r i n g e r s  o c c u r  

l o c a l l y  i n  t h e  c l a y s t o n e .  

No g r o u n d  w a t e r  was e n c o u n t e r e d  i n  t h e  c l a y s t o n e  i n  H-10, 

however ,  s e v e r a l  d a y s  a f t e r  c o m p l e t i o n ,  m i n o r  q u a n t i t i e s  were 

n o t i c e d  t o  b e  c a s c a d i n g  i n t o  t h e  wel l  f rom t h e  a l l u v i u m  and  i t  

was d e c i d e d  t o  i n s ' t e l l  P'VC c a s i n g .  Due t o  p r o b l e m s  e n c o u n t e r e d  

w h i l e  i n s t a l l i n g  t h e  c a s i n g ,  a  new H-10 h o l e  was d r i l l e d  t o  a  

d e p t h  of  2 1 5  f t  a p p r o x i m a t e l y  1 0 0  f t  f rom t h e  o r i g i n a l  s i t e .  PVC 

c a s i n g ,  i n c l u d i n g  4 0  f e e t  o f  s c r e e n  was i n s t a l l e d  i n  t h e  w e l l  t o  

a d e p t h  o f  1 6 0  f e e t .  . 

I 
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T h i s  we1 

T e s t  W e l l  H-11 

1 i s  l o c a t e d  i n  t h e  R i v i e r e  C o l u m b i e r  b a s i n  i n  t h e  

e a s t  o f  t h e  s t u d y  a r e a ,  a b o u t  O.8km n o r t h  o f  H-1, c o m p l e t e d  

p r e v i o u s l y .  H-11 e n c o u n t e r e d  a l l u v i a l  and  r e l a t e d  s e d i m e n t s  t o  a  

d e p t h  o f  120  f e l t  i n c l u d i n g  v e r y  c o a r s e  and permeab le  g r a v e l s ,  

c o b b l e a  and b o u l d e r s  f rom t h e  s u r f a c e  t o  a  d e p t h  o f  87 f e e t .  

From 1 2 0  t o  t h e  t o t a l  d e p t h  of  165  f e e t ,  t h e  w e l l  e n c o u n t e r e d  

g ray ,  compact,  l o w  p e r m e a b i l i t y  c l a y  and  c l a y s t o n e  w i t h  s i l t s t o n e  

s t r i n g e r s .  

The w e l l  was cased  t o  a  d e p t h  o f  138  f e e t  i n c l u d i n g  6 0 '  o f  

f i e l d  s l o t t e d  c a s i n g .  A s i x  h o u r  pumping  t e a t  p r o d u c e d  90 gpm 

end a  s p e c i f i c  c a p a c i t y  o f  7.5 gpm/ f t .  

. . .. . ,., I .  

ii: .., , . . 
<.r. ,..., . 
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T e s t  Well H-12 

Well H-12 i s  l o c a t e d  i n  t h e  R i v i e r e  C o l u m b i e r  b a s i n  i n  t h e  

e a o t  o f  t h e  s t u d y  a r e a ,  a b o u t  2km s o u t h  o f  S o u r c e  Cheude.  The 

well was d r i l l e d  t o  a  t o t a l  d e p t h  o f  470 f e e t  a n d  is c a s e d  t o  310  

f e e t ,  i n c l u d i n g  100  f e e t  o f  s l o t t e d  c a s i n g  a n d  g r a v e l  pack .  

H-12 p e n e t r a t e d  55 f e e t  o f  a l l u v i a l  g r a v e l  c o n t a i n i n g  m i n o r  

w a t e r . b e f o r e  e n t e r i n g  O l igocene /Miocene  c l a y s t o n e s  s i m i l a r  t o  

t h o s e  e n c o u n t e r e d  i n  o t h e r  wells.  A t  a  d e p t h  o f  a b o u t  325 f e e t ,  

howeve r ,  well c u t t i n g s  began  t o  i n c l u d e  l i m e s t o n e  f r a g m e n t s  a n d  

f r o m  a b o u t  420 f e e t  t o  470 f e e t ,  l i m e s t o n e  is g e n e r a l l y  

p r e v a l e n t .  T h e s e  l i m e s t o n e n  p r o b a b l y  o c c u r  a s  t h i n  s t r i n g e r s  a n d  

i ' n t e r b ' e d s  i n  t h e  c l a y s t o r i e ,  r a t h e r  t h a n  a s  a  d i f f e r e n t  g e o l o g i c  

f o r m a t i o n ,  and  t h e y  appe 'ar  t o  c o n t a i n  g r o u n d w a t e r  and  may p r o d u c e  

s i g n i f i c a n t  y i e l d s .  One week a f t e r  c o m p l e t i o n ,  t h e  well was 

f l o w i n g  a n  e s t i m a t e d  1 -2  gpm a t  t h e  s u r f a c e .  S u b s e q u e n t  pumping 

p r o d u c e d  a  y i e l d  o f  400 gpm w i t h  a c o r r e s p o n d i n g  s p e c i f i c  

c a p a c i t y  o f  10  gpm/f t .  

8-1254 1 0  J u l y  1980 



Tes t  W e l l  H-13 

H-13 i s  l o c a t e d  a t  t h e  base o f  t h e  mounta ins  n o r t h  o f  Anse 

Rouge, nea r  Sgurce Te te  Beouf, a  s u r f a c e  . s p r i n g  wh ich  p r o v i d e s  

domes t i c  wa te r  t o  Anse Rouge and i n t e r v e n i n g  areas.  The w e l l  

encoun te red  a l l u v i a l / c o l l u v i a l  s i l t  end f i n e  t o  medium sand f rom 

t h e  s u r f a c e  t o  a ' d e p t h  o f  5 0  f e e t ,  u n d e r l a i n  by  i n t e r b e d d e d  g ray  

s i l t s t o n e s  and sandstones t o  abou t  145' f e e t  and g e n e r a l l y  

un i f o rm ,  g ray ,  compact, v e r y  f i n e - g r e i n e d  c l a y e y  . 

a a n d s t o n e s / a i l t a t o n e s  t o  420 f e e t .  The w e l l  was t hough t  t o  have 

encoun te red  m ino r  ground wa te r  i n  t h i s  upper  sed imenta ry  sequence 

and, consequen t l y  t h e  upper  420 f e e t  was completed w i t h  s i x - i n c h  
. . 

t h readed  and welded s t e e l  c a s i n g  and g r a v e l  pack. Approx imate ly  

1 1 0  f e e t  o f  f i e l d  s l o t t e d  s c r e e n i n g  was i n s t a l l e d  a t  v a r i o u s  

i n t e r v a l s  between 80 and 420 f e e t .  

The w e l l  was d r i l l e d  a t  5 1/2w and l e f t  uncased. S i l t s t o n e  

and c l a y s t o n e  o f  l ow  p e r m e a b i l i t y  were g e n e r a l l y  encoun te red  

t h roughou t  t h i s  e n t i r e  i n t e r v a l  w i t h  few l i m e s t o n e  and m a r l  

s t r i n g e r s .  Modera te ly  .permeable s i l t y  f i n e - g r a i n e d  sand was 

encoun te red  f rom 442 t o  475' f e e t . .  

Two weeks e f t e r  comp le t i on ,  t h e  f l u i d  l e v e l  i n  t h e  w e l l  was 

a t  abou t  25  f e e t  ( e s t i m a t e d ) ,  i n d i c a t i n g  t h a t  enough wa te r  f o r  a  

hand pump may heve been a v a i l a b l e .  However, subsequent  w e l l  

t e s t a  showed no y i e l d .  



Test  W e l l  H-14 

W e l l  H-14 i s  l o c a t e d  about  3km n o r t h  o f  L f A r b r e  V i l l a g e  and 

abou t  l k m  e a s t  o f  Source Moule a  Manchet te,  a  n a t u r a l  s p r i n g .  

The w e l l  was d r i l l e d  t o  400 f e e t  a t  1 2  i n c h e s  d i ame te r  and t hen  

deepened t o  50 f e e t  a t  5 1/2 i n c h e s  d iamete r .  H-14 was cased 

w i t h  s i x  i n c h  s t e e l  cas ing,  i n c l u d i n g  200 f e e t  o f  s l o t t e d  c a s i n g  

t o  a  dep th  o f  400 f e e t .  

H-14 encoun te red  20 f e e t  o f  a l l u v i a l  s i l t  u n d e r l a i n  by low 

p e r m e a b i l i t y ,  weathered ( t a n )  and f r e s h  ( g r a y )  c l a y s t o n e s  t o  a  

dep th  o f  abou t  530 f e e t .  T h i ~  zone c o n t a i n e d  s i l t s t o n e  beds 

l o c a l l y  and a sandstone/limestone/marl zone f rom 435 t o  about  515 

f e e t .  From 530 f e e t  t o  750 f e e t  w e l l  c u t t i n g s  c o n t a i n e d  

l i m e s t o n e  c h i p s  wh i ch  we're numerqus below about  625 f e e t .  The 

l i m e s t o n e s  p r o b a b l y  occur  as t h i n  in - te rbeds  i n  t h e  c l a y s t o n e  

r a t h e r  t h a n  an u n d e r l y i n g  g e o l o g i c  f o rma t i on .  

Immed ia te l y  a f t e r  c o m p l e t i o n  o f  H-14, w i t h  t h e  d r i l l  s tem 

s t i l l  i n  t h e  h o l e ,  t h e  w e l l  was f l o w i n g  1-2  gpm o u t  o f  t h e  

c a s i n g .  A subsequent  f o u r  l ow  t e s t  produced a  con t i nuous  y i e l d  

o f  75 gpm and R s p e c i f i c  c a p a c i t y  o f  0.65 gpm/ft .  

8-1254 10  J u l y  1980 



January 22, 1980 

Harza Engineering Company 
150 South Wacker Drive 
Chicago, I l l i n o i s  60606 

Gentlemen: 

Pleaoe find enclosed the resu l t s  of the Pump Tests and Well Develop- 
ments performed i n  the area of Plaine de l1Arbre i n  Haiti. 

We also include our invoice No. 3 fo r  the amount of $6,253.93. 

Considering the advance of $10,000.00 received by ur November 8,  
1979, we now owe Hacho a balance of $3,746.10. , 

+,I 1 We are keeping th i s  balance at  Hacho's disposal awaiting your deci- 
cb!-LucC " I sion regarding the completion of the program. 

I 

'* &ping that  these reports w i l l  help you reach a decision we remain, 



. .,,. 

January 22, 1980 

WATER RESOURCES HACHO 01 
EXPLORATION & WELL DEVELOPMENT PROGRAM 

PLAINE DE L ' m B 6  - HAITI 

WELL No, 1 ( H - 1 )  
Development: 
I) Pipe ins ta l l ed  100' x $2.90 $ 290.00 
2) Development by a i r  27 h x $38.40 1,036.80 
3) Pump Test: 

a) Test Pump ins ta l l ed  350.00 
b) Star t ing time Sat. 12/1 10.00 A.M. 

Stop time Tues. 12/4 10.00 A.M. 
72 h x $18.40 1,324.80 

4 )  Chemicals and i n s t a l l a t i o n  100.00 
5 )  Water analysis  80.00 
6) Plugging well 15' x $8.50 - 127. 50 $3,309.10 

WELL- C F A 0  
Development: 
'1) Pipe ins ta l l ed  70' x $2.90 - 2 )  Development by a i r  34 h x $38.40 

' 3) Chemicals and i n s t a l l a t i o n  
' 4 )  Pump Test: 

I) Test Pump ins ta l l ed  
b) Starting time Thurs. 1/17 11.00 A.M. 

Stop time 1' " 21.00 P.M. 
10 h x $18.40 

5 )  Water analysis  

WmLNo. 4  ( u - 3 )  
Development: 
1)  Pipe ins ta l l ed  80' x $2.90 
2 )  Development by a i r  3 h x $38.40 

W a L  No. 8 ( k - 7 )  Refi l l  well 150' x $1.50 

' WELL No. 9 
Refill w e l l  

P 
100' x $1. 50 

I . 1 . .. 
. . b b L L  ' I 

-0.. . 
WTX WATRR SUPPLY S.A. 



TOTAL 27 heures 
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Harza Engineering Co. 
150 S. Wacker Dr .  
Chicago, Ill. 60606 

A t t :  Alan H. Schultz 

June 24, 1980 

Gentlemen : 

Please f ind  enclosed r e s u l t s  of water analysis  f o r  Hacho 3B, 
Hacho 4B and AID #2. 

No t e s t  was run on A I D  # l  because of the ins igni f icant  amount 
of water found i n  tha t  well. Dri l l ing i n  5 1/2" down to  880' 
did not bring any posi t ive r e su l t  t o  ju s t i fy  any pump t e s t .  

Hoping tha t  these f a c t s  w i l l  help you complete your report  we 
remain, 

Yours very t r u l y  1 ' I  

HAITI WATER SUPPLY, S. A. 

>!, ' 

, . 
'$  Bate PWde 2075 Port-Au-R~nce Ha~tt, W I. a Telephone 22205 ccble. W ~ T ~  WATER 'y:  elex. ex. ITT 34903 1 7 HAWAER 



Mkr supply S,A. 

........ Dril 12" Die. Hole 215 ft. 
Install 4" WC............120.ft 
Install 4 PVC screen.......40.ft 
Gtavel Pack...............160 ft. 

Note: Because of the amount of time HACH 2 B was left open, some problems 
were encountered while trying to install PVC. We move over about 
103 f t. and drill another hole to a depth of 215 f t. 
Blowed well out; the well should produce 200 G.P.M. 

1 bite Postale 2P75 Pat-AU-~rince H O I ~ I .  w I. Telephone 22205 Cable q4.r ,NATER 
V; , Telex: ITT 349031 7 HAWATER 



b Haiti 

PUMP TEST HACH 38 

Water level  before t e s t  73 f t .  
3 HP. pump s e t  to depth of 147 f t .  
Draw down after 30 min. to 85 f t .  
Pump had a pumping capacity a t  this  d e y t n  with 2" discharge of 90 G.P.M. 
Pumped for 6 hrs. - water leve l  check a t  85 f t .  

HACH 38 should produce 200+ G.P.M. 
. . 

Telephone. 



Water Level before &st - flowing 
Pump set  a t  ZOOFt. 
G.P.M. max R.P.A. (1800) 350 G.P.M. constant 
Water l eve l  checked a f t e r  l h r  40f t .  

Pump s e t  t o  a depth of 150 f t .  
Water Pew1 recovered t o  5 f t .  i n  1 hr. 
Water l eve l  a t  begining of t e a t  5 f t .  
G.P.M. 450 a t  begining drop to 400 a f t e r  30 mins. 
Water l eve l  checked a f t e r  30 mins. 35 f t. 
Pumped a t  t h i s  l eve l  2 hre.  

Pump s e t  a t  100ft .  
Water leve l  before test 15 f t ;  
G.P.M. 500 a t  begining droped t o  400 G.P.M. i n  30 mine. 
Maintained 400 G.P.M, f o r  durat ion of t e s t  
Pumped 2 hrs .  

' 

Conclusion : Well w i l l  produce 400+ G.P.M. with pump depth se t t i ng  of 175 f t .  
Water good f o r  human consumption. 

d 



A . I . D .  # 2 

Water l e v e l  before t e s t  flowing 
' 

240 it. , 3" Galvanize screen ins t a l l ed  i n  well  
nlowed we l l  a t  100 f t .  with 650 CF'M a i r  conpressorc s t a r t e d  a t  40 CPM f o r  
about 15 mins. , then 'draped t o  about 25 CPM 
Blowed a t  t h i s  leve l  fo r  1 hr. 
Water l e v e l  check a f t e r  1 hr.  - 83 f t. 
Note: A draw down of 83ft .  

Blowed a t  150 Lt .  
About 60 GPM 
Blowed f o r  4 hrs. 
GPH droped some (mybe to 40 GW) 
Water checked a f t e r  1 hr. 90 St .  
Water l eve l  check af . ter  4 % ~ .  93 f t .  

Blowed at  200 f t . 
About 75 GPM' . 
Blowed for 4 hrs.  
Water a f t e r  1 hr.  110 f t .  
Water level a f t e r  4 h ts .  115 f t .  

Note: Water has some  s a l t  i n  it! 
C~nclusion:  Well should produce a t  l e a s t  75 G.P.M. with pump s e t t i n g  of 200 ft .  
OK ?or crop i r r i g a t i o n ,  not good f o r  human consumption. 

1 7 ~ ~ .  

$< .: 
h 
I'" 
ii: 

bite Postole 2Q75 PortAu-Prince Hciti, W.I. Telephone: 22205 Coble: PAlTi WATER 
I 4" 



hrza Engineering 
1% South Wacker 
Qic.80, I l l i n o i s  

Gentlemen: 

please find enclosed the water analysi8 result. t o  ~mp1e.e the 
=Port on Water Resources Program of plain. de b e  hiti. 

Yours truly, 



GLADYS ELI€ LAUTURE M. T, 
e m - '  . 

CHAMP DE MARS 29 - Td. : 2-3329 24578 MARLENE SIMON LIAUTAUD M. D. 

Service du Dr. : ... ...... 
Patient : ...... 

Specimen Soumis ........... &&I&+. .................................................. , .................................................................... 
.............. .... b n p t e  dm Coloniea Micmbivnnn .: .... /@.&?R../w I < lOO.O()O/ml #urine 

c ' a t i o n  de Cram ...................................................................................... ................................................................ 
I . .  
&%2,!,\ 1.:;:;::;; :;L-n, . . , f ' i  1, a 

...-.a. ...... r. ........................................................ ,, ...................................... * 

.*.-..... .. 
Coutte Pendante ............ 
.............................................................................. 

I , .  . . . .  ..... 
Recherche du Bacille de Loeffler (coloration dVr\lbert) ................................. r ............ ; ................................ 0 ....... , 3 -..-.,-...-.- 
Recherche de B.K: a) ,colontion dc Ziehl Seeisen ..................................... - .  *~?! . . / j :~ :ko:  ...................................... .........-.. ..- -. .- 

b) Kthode par la Fluorescence ................................... :,.AI .......................................... -...- ....... --. - Zulture BK sur Lowenstein aprZs 8 scmdnes ............................................. r~,, ....................................................... ... 
& .  :? 

-.I_ .---- --. . itchetche de Trbponemr Pallidurn par Fluorescence ............................................................................................ -.-..- ...-.... -- 
lxmen mycologique , .............. 
M u r e  :. orgrnismes imlis : 

ANTIBIOGRAMME 
Sensible Sensible - 

.- Acide Mmddique 
'.- Acide Ndidixique 
;- h i d e  Oxolinique 
L- hpic i l l in  
i- Bacitncin 
;.- bc t t im  - Septrin 
- #--L _Yenicillin 
- Ophdorporin - ,. -donmphbicd 

a- Oindrmycin 
1.- CJoxacillin 
2- Cdbtin 
3.- Dieloxrcillin 
4.- Eythromycin 
5.- Gentamycin 



X A D Y S  ELlE LAUTURE M. T, 

i 

I I 
CHAMP DE MAM 29 - ~ d .  : 2-3az~ 2.0578 MARLENE SIMON LIAUTAUD M. D. 

BACTERIOLOGIE 7 

* pcimen Soumir .......................................................................... .f ..................................................................... 
-hmpte den Colottio Microbivnnes ...... / @ @ c ! / d  ......... d& .......... --...*Yome < IOO,OOo/ml dqu.ine 

;dontion de Cram ........................................................................................ p~qt.,.r~..!.'~r:~.,~.~-..F ......................... . , , > .  _. -.-.- . C L  a,..........-. ".... ............................................................................................................................................................. 
......................................................................................................... ......... ............ 
jo~ t r t !  Pendante ....................................................................................... 

..................................... iecherche du &cille de Lwffler (coloration d'AJkrt) 
I' QP a 

kehcrche dc R.K: a) coloration de Ziehl Neelscn .....................................................*........... . ...LT'C ......... YL"..- ...... 
b) MCthodt par lo  Fluorescence .................................... ..Cd ...................................................... 

............................................. ;ulture BK sur Lowenstein apr& 8 scmainee ............................................... 3; r ,.., .f .... L.+?? . . ............................................................................................................ echtrche de Triponema Pallidurn par Fluorescence 

................................................................................................................................................. ~amen mycologique 

"Itwe : oknismes isolis : ....... &fl&&@.#&d ............. 9 ................................................................ 

ANTIBIOGRAMME 

.- Acide hnddique 

- h i d e  Ndidixique 

S- h i d e  Oxoliniquc 

- Ampicillin . 
.- Bacitncin 

,- hc t r im  - Scptrin 

.- Orbenkillin 
G- Gphdorporin 

.a- ChlommphCnicd 

i- aindrmycin 

5.. aoxacillin 

a- &lutin 

2- Dicloxrcillin 

5- E y  rhromycin 

5.- Centamycin 

L hbromycin 

7.- Hetrcillin 

r ............................................... 
................................................ 
................................ -..- ........... 
................................................ 
.....................I. ........... " ........ I.. 
................................................ 
................................................ 
P....................... .. ................I..... 
n .......................I.. -..- .............I. 
........................ -......-....-...- ...... 
...I......................................... -1 

................I................... .. .......... 
P..................... .. .................. ...-.., 
.....-........-............-.......I..... --...... 
.I........ C ...............I.... 

.............................. C C  ................ 

.-.................. "I- .......... ".. ........... 
Remrrques 

18.- Kanrmycin 

19.- Lincomycin 

20.- Neomycin ' 

21.- Nitrofuncin 

22:- h'ibofundmtin 

23.- Nitrofuroxone 

24.- Novobiocin 

25.- Oucill in 

26.- Penicillin 

27.- Polymixin B 
28.- Shmycin 

29.- Spirrmycin 

30.- Streptomycin 

31.- Sulfonmida 
32- Tetracycline 

33.- Tobrunycin 

Sensible 

R 1+ 2+ 3+ 4+ 

.................... 

.-....- ..................I.......... 

........................I...-. ...-..-. 

....................................... 
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Wakr Supply S, A. 

June 24, 1980 

Harza Engineering Co. 
150 S. Wacker Dr .  
Chicago, Ill. 60606 

A t t :  ,Alan H. Schultz 

Cent lemen : 

PPeose f i nd  enclosed r e s u l t s  of water ana lys i s  f o r  Hacho 3 B ,  - Hacho 4 B  and A I D  #2. 

No test was run on AID # I  because of t he  i n s i g n i f i c a n t  amount - of water found i n  t ha t  w e l l .  D r i l l i n g  i n  5 1/2" down t o  880' 
d i d  not  bring any pos i t i ve  r e s u l t  t o  j u s t i f y  any pump t e s t .  

Hoping t h a t  these f a c t s  w i l l  help you complete your r epo r t  we 
remain, 

Yours very t r u l y  

Smarck Michel 

HAITI WATER SUPPLY, S.A. 

- - .  
B b t 0 k  2075 Port-Au-Rince Haiti, W.I. Telephone. 22205 a Cable: HAlTi WATER 

,,& -ITT 34903 1 7 HAWATER 
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Carvice du Dr. : .............................................I......-....-......... Date : ........ e .........., 
h,i.nt :...HB...Cti ........ 3 . ~  ................................... 

.....-.......... .................................................................................................................................................................. 

................................................................................................................................................................................ 
Goutri: Pendante ............................................................................................................................................................ 
.................................................................................................................................................................................... 

Recherche du Bacille de Laffler (coloration d'Albert) ......................................................................................................... 
.......................................................................................................... Recherche de B.K: a) coloration de Ziehl iveelren z.. 

b) hlithode par la Fluorercence ........................................................ .................................................... 
Culture BK sur Lowenstein ap rh  8 *miner ...................................................................................................................... 
Recherche dc TrCponernr Pallidurn par Ruorerccnce ............................................................................................................ 
Exrmen mycologique ...................................................... .. .............. .. .... ... ................ .. ............................................ .. 
Culture : orpnismes isolis : ....... FsI:&&&I?Z%!~.S-. ....... ArZt,~.&hk&...- ......................... 

1,- h i d e  ,%ndiJique 
2- Acide Ndidixique 
3,- Acide Oxolinqur 
4- Ampicillin 
I- Bwitncin 
6,- kct r im Scptrin 
7,- Cubenkillin 
8.- Gphdmporin 

* -  9.- QJonmphdnicd 
10.- Qindrmycin 
11.- Qox~cillin 
12- Cdiatin 
13,- Dicloxrcillin 
14- Ey thromycin 
1 L  Gentamycin 

?',I&- *%., Gabtomycin 
'j . ,. (17.- , H e t d l i n  
&.' - - - .  . 
<;: - 

18.- Kurunycin 
19.0 Licomycin 
20.9 Neomycin 
21.- Nitrofuncin 
&- Nitrofuradantin 
23.0 Nitrofuroxone 
24.- Novobiiin 
2 s -  Orrcillin 
26.0 Penicillin 
27.. Pdymixin B 
28.- Siromycin 
29.9 Spirrmycin 
30.- Streptomycin ' 

31.: Sulfonunida 
32- Tatmycline 
a- Tobnmycin 

Senriblc - 
R 1+ 2+ 3+ 4+ 

Scnrible - 
L 

.......... 

.... 0." .... 

.. .on.... 

m.......... 

.......... 

.... 0."" 

.our.... 

...... " .... 
n..... 

R l+ 2+ 3+ 4+ 

".. ... 

.... .."-" 

B..............." 

....................... 
.. ........ 
...... 
n...... 

.... ........ 
m.rnr.. 

""V..." ...... 

.... -..u 

.... .... m 

.... .... 
.. ....,a 

""......".. 
...- .. 

........ "I 

.... a" 
..a. I 

.... C 

.. ........ 
w...."...b..........n....na.-...m..........u. 

.1U.."......"........ 

0. 

"...."............""...."........""..W....l 

r*-.w.....-......r 

"U"....................".. 

.. .... 

,..................."......I"......" 

...... .... 
...... .. ...... 

......".."N.." 

m.. 

" .... 
........ " 
I..."" 

.......-..-.*. 

"...................."...."".... 
" 

U.. 

........ 00.. 
"" 

.... 

.".. .. 

... 

.".. 

I...... C 

...... u.. 

...... H .... 
....-. 

I...........".........."..... 

I.N........N......"..........""".. 

........................... 

....................... 

..................... 
............ 

................................. 

..................... 
P............... 

.-------L----.... * 

............ 
I"..". 

.... ...... 

.... WU.. 

............... 

"..""...."..W.." 

m . . r r . . r  

.... ..I 





LADYS ELlE LAUTURE Al.  T. QIAW DE MAR3 29 - Td. : 2-3329 WS78 MARLENE SIMON LIAUTAUD M. D. 

..... ....... ervice du Dr. : .......... ......................... Date : A z ~ / f ? 2  ................ 
rtient : .... i .......... I 

...................................................................... ................................................... ipecimm Soulnil --~--.-.....J& 
............. ............. lokpte  d n  Glunic. h1icirmbit:nnu .... t d I ? ~ ,  ..B&Q.../.-3 0 < laOOO/m, d*u"ne - 

3 4 e r a h n  dc Gram ............................... : ........ ;i .............................................................................................................. 
0-..........-. .................................................................................................................................................................. 

-I ~echerchc du Bacille dc Loeffler (coloration d'Nbert) ......................................................................................................... 
;cchcrche de B.K: a) coloration de Ziehl Scclsen .................. : ....................................................................................... :... 

b) Mithode par la Fluorcrccnce ............................................................................................................ 
rtecherche de Trlponcma Pallidum par Fluorerccnce ............................................................................................................ 

............ Exunen mycologique ,. .................. .......... .. .... Z. ............ "..........".... 
x ~ u l a r c  : organismcs i m l b  : .. C................... 

....... 
........ I....... 

....... 
....... ..... 
......... 

....... ........ 

Senribte -- 
R 1+ 2+ 3+ 4+ , 

18- Krnunycin 
19.- Lincomycin 
20.. Neomycin 
21.. Nitroburcin 
22,- Nitrofundrntin 
23.- Nitrofuroxone 
24- Novobiocin 
25.0 Oucillin 
26,. Penicillin 
27.0 Polymixin 0 
28,. Simyein 
29.- Spirmycin 
30.. Streptomycin 

. 31.0 Sulfonmids, 
32- ".'etncycline 
33.0 Tobnraycin 

1.- Acide Mandilique ' 
29 Acide Ndidixique 
3.- Acide Oxolinique 
4- Ampicillin 
G Buitncin 
6. bctrim Stptrin 
7-• Grbcnieillin 

P......... P....... .... ....... .......... N..".. 

!L Gphrlorporin .......... w... ........ .. ........ - - ,. Aonmphinicd - 
, -- -~a4myein ...... ...... - -  - .... P..... " 
,,. -oxatillin 

R 1+ 2+ 3+ 4+ 
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Service du Dr. : ............................ ......... .. ............. ". ............... Dots :... ............ .- .--.. 
patient : ....... &.Z! .... 2 ............... 1 ................... 

....................................... .................................................... ........................................................... C--!stion de Gram i 

Goutre Pendante ............................................................................................................................................................ 
.................................................................................................................................................................................... 
Recherche du Bacille de Locffler (coloration d*Albcrt) ......................................................................................................... 
Recherche de 0,K: a) colorvtion de Ziehl Neelsen .................. : ..................................................................................... A... 

b) Mithode par Ir FIuorcrcence ............................................................................................................ 
Culture BK rur Lowenstein aprh  8 seminee ...................................................................................................................... 
Recherche de TrGponema Prllidum par Fluorercence ............................................................................................................ 

................ ........................... ............ ................................. ................. Exunen rnycologique L... .. -....-...... .. ................ 
.;......., + ..,....................................................v..... Culture : organi~mes ioolic : ......... 

Acide Mandiligue 
Acidt Ndidixque 
Acide Oxolinique 
Ampicillin 
Bscitncin 
Lctrim Septrin 
Grbenicillin 
Gphdosporin 
Chlonmphinicd 
Qindrmycin 
Qoxrcillin 
Cdutin 
Dicloxacillin 
Erythromycin 

Senrible - 
R 1+ 2+ 3+ 4+ 

18.- Kanamycin 
19.- Lincomycin 
20.0 Neomycin 
21.- Nitrofurrcin 
22,. Nitrofuradantin 
23.- Nitrofuroxone 
24- Novobiocin ' 

25.- Oxrcillin 
26.0 Penicillin 
27.0 Polymixin 0 
28.- Siromyein 

Senrible - 
R 1+ 2+ 3+ 4+ 
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